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ABSTRACT

Activated carbon

products are

used as

adsorbents in

removal of pollutants from water, where advantage is
of the enhanced
system of

retention of organic

the carbon.

The need

taken

solutes in the

for such

the

processes

pore
will

increase in Indonesia.

The possibility of the use of Indonesian coals as raw
materials
studied,

for

manufacturing

measuring

yield

and

activated
iodine

carbon
number,

has

been

utilizing

chemical impregnation techniques to enhance iodine number.

The mechanisms of adsorption and of activation shown to be
related

to

a

combination

of

porosity

and

surface

properties. The coal resources of Indonesia are largely low
in rank. Although they
reserves are present in

have geographic distribution,

most

Sumatra and east Kalimantan.

Type

variation within the coals is restricted.

The technical literature reports considerable success with
such techniques and the
the variables
Using

a

of the

sample

of

reference, several

initial intention was to

process for
industrial

relatively

were coarsely ground,

practical
carbon

low rank

optimize

application.

(Calgon)

as

Indonesian

impregnated with potassium

a

coals

chloride

and carbonized at 900 C. Results were disappointing.

Techniques

therefore

reverted

to

those

used

by

other

workers, using finely crushed coal for impregnation tests.
Various methods of impregnation and washing were used and
carbonization times ranging up to 12 hours were applied.

Increases in iodine number to any level that could be
considered effective were associated with substantial
gasification and low yield, particularly with Victorian
brown coal. These effects were rank related, in a manner
similar to other investigations but with lower weight loss.

Series of tests were then done on a range of coals from
Indonesia and Australia of varying rank, with Victorian
brown coal in parallel and using varying practices, with
and without nitrogen purging. Results supported the
conclusions already made.

Optical microscopy showed porosity trends consistent with
increased gasification over extended carbonization times.
E.D.X demostrated clearly the presence of potassium on and
within the grains, after carbonization, whether the coal
had been washed before charging or not.

The techniques did not achieve the desired result of
producing highly activated carbon at high yields. This
conflicts with much technical literature.

The coals of Indonesia

are distributed widely through

archipelago and are of

grades suitable for the

of activated carbon

but further

work is

commercial process can be designed.

the

production

needed before

a
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1
INTRODUCTION

More than one billion tonnes of recoverable low rank coal
are estimated to exist within Indonesia. These coals are
Tertiary in age, and are widespread in the western part of
the Indonesian Archipelago, particularly in the islands of
Sumatra and Kalimantan.

Commonly, Indonesian coals range in rank from lignite to
sub-bituminous coal. They are used as fuels, mainly for
power generation and cement manufacture. Government policy
(Repelita IV and Repelita V) encourages the greater

utilization of these resources and, in conformity with this
policy, the potential to produce activated carbon by
carbonization of the low rank coals is being examined.

The problem of removing pollutants from water is important
in Indonesia and is becoming more so with the increase of

industrial activity and greater pressure on supply of water
for homes and industry. The soluble organic impurities in
water are so numerous and diverse in character that only a
nonspecific process such as adsorption seems to be
appropriate for their removal. Activated carbons are used
extensively overseas as adsorbents and are being used in
some cases in Indonesia at present. They have a tremendous
adsorptive capacity, and an affinity for a wide variety of
dissolved organics materials in water (Deithorn and
Mazzoni, 1986).

2
The

adsorbent

carbons

are

attributed essentially to their large surface area, a

high

degree

of

properties

properties

surface
and

of

reactivity,

favourable

pore

internal surfaces acessible,
and provides

high

activated

universal

make

the

enhances the adsorption

rate

mechanical

sizes

which

adsorption

strength

(Bansal

et al.,

1988).

Selected coals from south Sumatra appear to be a possible
source of activated carbon, because of their relatively low
rank and low ash content.

This study examined a method for preparation of activated
carbon that maximizes yield. It involved impregnating of
suitable carbon precursor
carbonization.
produced

The

during

with a metal

potential

this

of

salt, followed

the

investigation

activated
for

use

a
by

carbons

in

water

treatment was assessed by iodine number method.

In addition, microscopic examination techniques were used
to determine the physical characteristics and morphology of
the activated carbons.
optical microscopy

Conventional reflected white

and scanning

electron microscopy

light
were

used to study the physical characteristics of the chars.

The experiments were aimed at;
a. optimizing the process stages,
b. selecting the most suitable coals and
c. evaluating the surface structure relative to the
numbers obtained.

iodine
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CHAPTER ONE

ACTIVATED CARBON

1.1 Introduction

The term activated carbon has been described by Hassler
(1951), Weber and van Vliet (1980), Hutchins (1981) and
Wigmans (1986), among others. They stated that it can be
applied to any form of carbon that possesses adsorptive
power. Activated carbon can be prepared in the laboratory
from a large number of carbon-based materials but those
most commonly used in commercial practice are peat, coal,
wood and coconut shells.

The carbon-based material is converted to activated carbon
by thermal decomposition in a furnace in a controlled
atmosphere. The resultant product has some adsorptive
power, particularly if the carbonization period is
sufficiently prolonged to remove most of the volatile
substances produced during carbonization.

Activation process are used to enhance the adsorptive
properties of carbons. Physical activation involve partial
gasification to enlarge pore volumes and clear pore
throats, chemical activation involves pre-treatment with
one of a number of chemical reagents which increase pore
volume in the carbonized products.
3 0009 02934 6769

4
Activated carbon is an effective adsorbent for many organic
compounds of concern in water and waste water treatment
because of its dual properties of large surface area and
high degree of surface activity.

Adsorption occurs when the energy associated with a surface
of a solid attracts molecular or ionic species from the
waste water to the solid (Wigmans, 1986). The adsorbed
material can form a layer on the surface of from one to
several molecules deep. The available surface area, its
properties and the physico-chemical conditions at the
surface, control adsorption.

1.2. Source materials

Activated carbons comprise a family of substances, with the
members being characterized primarily by their sorptive and
catalytic properties. Different raw materials and
manufacturing processes produce final products with
different characteristics.

Most cheap materials with a high carbon content and a low
inorganic content can be used as raw material for
production of activated carbon. In early production,
preference was given to younger fossil materials such as
wood and peat with wastes of vegetable origin. The chars so
obtained could be activated easily and produced reasonably
high quality activated carbons. The current trend is toward
an increasing use of various kinds of coal, which are cheap

5
and readily available. A partial list of raw materials used
for production of activated carbons is given in Table 1.

Although most carbonaceous materials can be activated to a
greater or lesser
ease with

which

extent, there is
this can

be

much variation in

accomplished. The

activation, together with the natural physical

the

ease

of

properties,

are points to consider in the selection of a raw material,
but other factors also must be taken into consideration.

Low inorganic content, high density and sufficient volatil
matter yield

by

the

raw

material

are

of

considerable

importance (Bansal et al., 1988). Low inorganic content
essential to
because the

keep ash
ash

content low

content of

the

in the

final

final product

is

product
tends

to

increase when destructive distillation during carbonization
removes the volatile products.

Inorganic content of raw materials such as coal and peat
may

affect

several

carbonization process,
matter and

tar.

increasing the

namely

According

inorganic compounds, in
pyrolysis process

reactions

occurring

the formation

to Ehrburger

particular clays,

by decreasing

amount

addition, the influence

of

the

et

of

the

volatile

al.

(1988),

can affect

the

the

yield of

tar,

final

solid

product.

of inorganic

related to the development of

during

content is

In

probably

the micropore volume of

final product after carbonization.

thus

the

5.1

Table 1: Source materials for the production of activated
carbon ( Hassler, 1951; Hassler, 1974 and Cookson,
1978)

Bagasse

Lignin

Beet-sugar sludges

Lignite

Blood

Molasses

Bones

Nut shells

Carbohydrates

Oil shale

Cereals

Peat

Coal

Petroleum coke

Coconut shells

Pulp-mill waste

Coffee beans

Rice hulls

Cottonseed hulls

Rubber waste

Graphite

Sawdust
Wood
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Volatile matter yield, together with density,

considerably

modify the manufactured product. Low-density materials such
as wood

and

lignin, which

have

a high

yield, produce activated

carbons with

but

These

with

low

density.

generally used for

volatile

large pore

carbons,

liquid phase applications

the

these

reconstitution

or

activation (Bansal
activation

may

be

carbons

compression
et al.,
offset

can

during

be

the

not

However,

improved

by

carbonization

or

1988). Thus,
if

are

and are

vapor adsorption applications.

of

volumes

therefore,

very suitable for
quality

matter

difficulties

source

in

material

is

available at a low cost and undesirable physical properties
may be corrected by suitable processing.

Coconut shells and other nut shells which have higher
densities than wood

and have high

produce hard carbons with
suitable for vapour
having some

phase applications. Lignite,

carbons

yield,

large micropore volumes and

properties similar

produces hard

volatile matter

but with

to these
small

although

materials,

micropore

are

also

volumes

(Hassler, 1951).

1.3 Manufacture

1.3.1 Carbonization process

The primary stage in the preparation of active carbon
involves carbonization of
thermal decomposition

the raw material;

conducted

in the

a process

absence

During carbonization, without addition of chemical

of

of

air.

agents,

7
most of the

hydrocarbons are

first removed

in a

gaseous

form by a process of pyrolytic decomposition which is also
termed destructive distillation.

As is widely known, if coal is heated, it will change
chemically resulting in the evolution of gas and
condensible vapours, leaving a solid residue consisting
almost entirely of carbon. During this process, bituminous
coals will soften, fuse and resolidify to form coke, a
porous carbon-rich material. Coals of lower rank do not
pass through a plastic stage except at very high rates of
heating and normally form chars.

The resulting carbonized products generally have only a

small adsorption capacity because of their poorly developed

pore structure and low surface area. This pore structure is
enhanced during the activation process, which converts the
carbonized raw material into a form that contains the
greatest possible number of distributed pores of various
shapes and sizes giving rise to an extended and extremely
high surface area in the product (Smisek and Cerny, 1970
and Bansal et al., 1988).

The important parameters that determine the quality and the
yield of the carbonized product are the rate of heating,

the final temperature of carbonization, the soaking time at
the final temperature and the nature and physical state of
the raw material (Edwards and Cook, 1972; Goodarzi and
Murchison, 1978; Berkowitz, 1979; Habermehl et al., 1981;

8
van Krevelen,

1981; Cook,

1982; Stach

et al.,

1982

and

Tsai, 1982).

Low heating rates during pyrolysis result in lower
percentage volatilization and higher char yield (Bansal et
al., 1988) because of increased dehydration and better
stabilization of the polymeric components. Tamhankar et al.
(1984) noticed that the chars formed by rapid heating at
high temperature are very reactive due to the more open
pore structure produced.

Carbonization involves two important stages that markedly
determine the properties of the final product. The first
stage is the softening period, during which the temperature
control has an important bearing on the type of char
obtained. In this stage, the formation of pores occurs in
the vitrinite, followed, after a very short temperature
interval, by rapid decomposition of the exinites (Stach et
al., 1982). After the softening period, the char begins to
harden and shrink. The shrinkage of the char also plays a
role in the development of porosity. The temperature at
which softening occurs and the extent to which it occurs,
depend both on the material and the rate of heating (Cook,
1982).

Thermal conditions of carbonization are very important.
Hassler (1974) found that in order to produce chars
suitable for conversion into active forms, a temperature
lower than 600°C should be used. However, it is not an
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invariable rule, much depending on the raw material and
the

method

employed

microstrueture is
pores formed

for

formed by

are blocked

become available

only

The

500 C, although

by

with

activation.

the pyrolysis
subsequent

on

basic

some of

the

products

and

high

temperature

treatment.

Other work which relates to temperature of carbonization
has been done by McAllan et al. (1984). They indicated that
in the range of 600 C

to 1000 C for the final

temperature

of carbonization, different optimum temperatures were found
for the development of activity and hardness of the product
carbons depending upon the nature of the source material.

1.3.2 Activation process

The objective of the activation process is to enhance the
volume and to enlarge the diameters of the pores which were
created during the carbonization process and to create some
new porosity.

The mechanism of the activation process can be visualized
as an

interaction between

carbon atoms which form

the

activating agent

the structure of the

and

the

intermediate

carbonized product.

The methods of activation most commonly employed are
broadly divided into two main types, physical and chemical
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(Hassler, 1951;

Smisek

and Cerny,

1970;

Cookson,

1978;

Hutchins, 1981; Wigmans, 1986 and Bansal et al., 1988).

Physical activation is the process through which the
carbonized products develope larger surface areas and
porous structures at molecular dimensions, as previously
mentioned. This process involves gasification of some of
the char by oxidation with water vapor or carbon dioxide in
the temperature range 850-1100°C (Wigmans, 1986 and Bansal
et al., 1988). At this temperature, the rate determining
factor is the chemical reaction between carbon and water
vapor or carbon dioxide. This reaction takes place at the
internal surfaces of the carbon, removing carbon from the
pore walls and thereby enlarging them.

The activation reaction occurs in two steps. The first
step, the less structured organized carbon is burned out
preferentially and the burn off does not exceed 10% (Bansal
et al., 1988). This results in the opening of the blocked
pores. In the second stage, the carbon of the aromatic ring
system starts burning, producing active sites and more
pores. Activation with carbon dioxide promotes external
oxidation and the development of larger pores compared to
activation with steam.

Chemical activation commonly is employed out when the raw
material is of wood origin (Bansal et al., 1988). In this
process, the carbonization and activation are done in a
single step by carrying out thermal decomposition of the
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raw material impregnated with certain chemical agents.

The

most widely used activating agents are phosphoric acid,
zinc chloride and sulfuric acid, although potassium
sulfide, potassium thiocyanate, hydroxides and carbonates
of alkali metals and chlorides of potassium, calcium and
magnesium have also been suggested (Smisek and Cerny, 1970
and Durie and Schafer, 1979). The common feature of these

activating agents is that they are dehydrating agents which
influence the pyrolytic decomposition process and inhibit
the formation of tar.

Chemical activation is commonly carried out at temperatures
from 400 to 1000°C (Smisek and Cerny, 1970). These

temperatures promote the development of a porous structure,
because under these conditions crystallites of smaller
dimensions are formed.

During the process of activation the spaces between the
crystallites become cleared of various carbonaceous
compounds and non organized carbon. Carbon is also removed
partially from the graphitic layers of the crystallites.
According to Durie and Schafer, (1979) the chemical
additives, in their case potassium chloride, possess an
ability to influence the structure of the char during its
formation. They generate a remarkably large accessible
surface area and minimize the loss in yield of activated
carbon. In addition, the chemicals act as a support and do
not allow the resulting char to shrink during the

carbonization. The chemical pretreatments were effective in
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developing a

high

degree

of hardness

in

the

activated

(Heng et al., 1985).

carbon

An important factor in chemical activation is the degree of
impregnation; this

is the

activation salt to the

weight ratio

of the

anhydrous

dry, starting material (Smisek

Cerny, 1970) . The effect of

and

the degree of impregnation

the porosity of the resulting product is apparent from
fact that the
equals

the

volume of

volume

salt in

of

pores

the carbonized

which

are

on
the

material

freed

by

its

extraction.

1.4 Physical forms

Activated carbons are available in both granular and
powdered forms. There are
using

either

type.

handled by passing
carbon;

others

Some

advantages and disadvantages
adsorption

the liquid
are

problems

through a

handled

economically by stirring powdered

most

are

bed of

in

best

granular

effectively

carbons with the

and
liquid

to be treated and then removing the carbon by filtration or
settling.

Granular carbons are provided as irregular shaped particles
obtained by
particles as

crushing and
a result

of

sizing

or as

a specific

regularly

moulding

shaped

procedure

prior to activation. The size of the carbon granules is

an

important factor. It should not be so small as to cause

an

excessive pressure drop

within the

bed or

to permit

the
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carrying away of the carbon particles by the fluid

stream.

Generally particle sizes used are

0.8-4.0

mm

diameter

(Hutchins,

1981

in the range of
and

Wigmans,

1986).

In

practice, the size of the grains is chosen according to the
height of the bed of carbon to be used.

Granular carbon is preferred for the adsorption of gases
and vapors as their rates

of diffusion are faster. On

the

other hand, for liquid phases, either powdered or

granular

forms

in

may

find

application.

For

example,

purification of water supplies, some water works are
on powdered

carbon

and

others on

granular

the
based

carbon.

The

operational requirements of activated carbon for use in the
carbon-in-pulp (CIP) process have been examined by Jones et
al. (1988) who
size of from

found the
1 mm

activated carbon

to 3 mm

to enable

should have

easy separation

a
by

screening from the pulp.

Powdered activated carbons have a fine grain size. The top
size is less than 100
15 and 25

urn with an average diameter

urn (Bansal et

al., 1988). Thus

large external surface and

between

they present

small diffusion distances.

a
The

rate of adsorption is very high and the problems related to
mass transfer are very low.
adsorption from

the

generally prepared

They are preferred for use

solution

by

carbonaceous materials.

phase.

chemical

These

activation

carbons
methods

in
are
from
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In choosing

between granular

and powdered

carbon, it

necessary to consider whether all adsorbable material
be removed

or whether

selective adsorption

is

is

must

required.

With powdered carbon, selective adsorption can be

achieved

by dosage control. With granular carbon, where a large mass
of carbon is in contact
waste water at any

with a relatively small volume

one time, substantially all

of

adsorbable

material can be removed (Hutchins, 1981).

1.5 Structure of activated carbon

Activated carbon, together with other types of chars and
carbon blacks, forms a

group of carbonaceous materials

which the structure and the properties depending on it
broadly

similar

to

the

structure

and

in
are

properties

of

graphite.

On the basis of X-ray analysis Smisek and Cerny (1970)
stated that there

are two

types of

structure for

active

carbons. The first type of structure consists of elementary
crystallites; these are,
graphite

as

they

hexagonally ordered

are

in two

dimensions, analogous

composed

carbon

of

parallel

atoms. The

layers

structure

to
of

differs

from graphite, however, in that the parallel planes are not
perfectly

oriented

with

respect

perpendicular axis, the angular
with respect to

to

their

displacement of one

another is random

one another irregularly (Figure 1).

and the layers

common
layer
overlap

14.1

Figure 1: Ordering of graphitic layers (From Wigmans, 1986)
a. Irregular, activated carbon
b. Regular, graphite
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The second type of structure is described as a

disordered,

cross linked space lattice of the carbon hexagons, which is
a results

of deflection

of graphitic

structure from

the

regular planes of graphitic layers.

Besides their physical structure, activated carbons have a
distinctive chemical structure. The adsorption capacity

of

activated carbons is determined by their physical or porous
structure but is also

strongly influenced by the

chemical

structure of their surfaces.

The carbon atoms are grouped into stacks of flat aromatic
sheets

cross-linked

in

a

random

manner.

variations in the

arrangement of the

results

creation

in

the

of

causes

carbon skeleton

unpaired

incompletely saturated valences,

This

and

electrons

which, in turn

and

influence

the adsorption behavior (Wigmans, 1986).

The structure of the usual types of activated carbon
contains micropores, transitional pores and macropores. The
purpose of
these pores

activation is
to

the

specific function in
carbon.

Of

micropores,

surface.

up the

Each type

the process of

greatest
because

to open

significance
of

their

very

(attaining values of several 100

connections
of

pore

has

adsorption on
for

surface

m2/g) and of their

a

active

adsorption

large

of

are
area
large

specific volume (Smisek and Cerny, 1970). The

transitional

pores have two functions. In adsorption under

sufficiently

high pressure,

the adsorbate

is entrapped

in them

by

a
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mechanism of capillary condensation and they then serve
passages

for

the

adsorbate

significance of macropores is

to

the

micropores.

as
The

mainly that they enable

the

molecules of the adsorbate to pass rapidly to smaller pores
situated deeper within the particle of activated carbon.
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CHAPTER TWO

THEORY OF ADSORPTION ON ACTIVATED CARBON

2.1 Principles of adsorption

Adsorption involves the accumulation of substances at a
surface or interface and occurs in large measure as a

result of forces active at, and within, surface boundaries.
Various forces exist between molecules in proximity to a
solid surface and the surface molecules, all having their
origin in the electromagnetic interactions of nuclei and
electrons. The adsorption process occurs at solid-solid,
gas-solid, liquid-solid, gas-liquid or liquid-liquid
interfaces (Cheremisinoff and Morresi, 1978). Adsorption by
a solid such as carbon is dependent on the surface area of
the solid as well as on the surface characteristics.

Atoms and molecules in the interior of a solid are
completely surrounded, thus their attractive forces are
satisfied on all sides. In contrast, atoms and molecules at
the surface have unsatisfied orbital forces extending

outward into space. These are attractive forces that can be
satisfied only if other atoms or molecules, usually in the
gaseous or liquid state, become attached to the surface.
This gives rise to the phenomenon of adsorption.
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Physical adsorption and
adsorption

recognized

Cheremisinoff and

chemisorption are
by

Hayward

and

Morresi

(1978);

Weber

two methods

(1964);

Trapnell
and

of

van

Vliet

(1980) and Hutchins (1981).

The fundamental difference between physical adsorption and
chemisorption is in

the nature of

the adsorption

bond. In

bound

surface

to

the

exchange or

sharing of

the forces which

chemisorption, the
by

forces

valence

adsorbate

originating

electrons, as

the intermolecular

Waals forces which

and the van der

is

from

the

occurs

in

chemical bonding. The forces acting in physical
are identical with

cause

adsorption

forces of

cohesion

operate in the

solid,

liquid and gaseous states (Hayward and Trapnell, 1964).

The different nature of the forces that cause physical
adsorption and chemisorption,
in a

number of

ways. The

these two kinds of
heat

of

most usual

adsorption is in

adsorption

adsorbate and

respectively, is

evolved

adsorbent.

during

In the

manifested

difference

between

the magnitude of
the

physical

interaction

of

adsorption

of

gases, the heat of adsorption is usually of the same
as

the

heat

of

condensation,

generally

not

several kcal/mole. In chemisorption the heat of
is usually much higher and is comparable with the

order

exceeding
adsorption
energies

of chemical bonds, being of 10 to 102kcal/mole (Smisek
Cerny, 1970).

the

and
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The temperature interval

of adsorption is

another way

in

which the two types of adsorption processes differ from one
another. Whereas physical
temperatures much

adsorption does

higher than

gaseous adsorbate,

the

chemisorption

not proceed

boiling point
is usually

of

at
the

possible

at

higher temperatures.

Whether physical adsorption or chemisorption occurs when a
given adsorbate comes into contact
adsorbant, depends on

with the surface of

the reactivity of

the surface,

an
the

nature of the adsorbate, the temperature and other factors.

Many adsorptive interactions between organic molecules and
activated carbon result from specific interactions
solute molecules

and functional

surface. These interactions may
adsorptions. It
exhibit a

is possible

broad range

commonly associated

of

with

groups on

the

between
adsorbent

be designated as

for specific

adsorptions

binding energies,
physical

specific
to

from

values

to

higher

adsorption

energies involving in chemisorption (Hayward and

Trapnell,

1964).

2.2 Factors influencing the adsorption process

2.2.1 Particle size of carbon

The particle size can greatly affect the rate of
adsorption. A finely-ground, activated carbon would have
much larger

surface area

than

the equivalent

weight

a
of
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coarsely granular material

and therefore tends

to have

a

greater adsorptive rate.

Spencer and Wilson (1976) studied the effect of particle
size

of

char

on

the

development

of

ranges, -16+20,

comparing three size

pore

structure,

-42+65 and

-100+150

Tyler mesh, and found the smallest size range was the

most

effective adsorber.

2.2.2 Temperature

Adsorption efficiency is generally a function of system
temperature, which
within

the

affects

both

the

phase

and

the

liquid

rate

of

final

diffusion
adsorption

equilibrium.

The rate of diffusion, which is related to changes in
viscosity and other factors, increases with temperature and
hence the

equilibrium value

is

reached more

quickly

at

higher temperatures but the final quantity of adsorbent

on

the adsorbate is lower.

Ford (1981) stated that as adsorption reactions are
generally
should

exothermic,

decrease

as

theory

indicates

temperature

that

increases

temperatures should slow or retard the adsorption
However,

decreasing

viscosity

and

increasing

adsorption
and

high

process.
molecular

movement at higher temperature apparently allow the organic
molecules to enter the carbon pores more easily,

generally
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causing adsorption rates and total amounts adsorbed to
increase as the temperature increases.

2.2.3 Effect of pH

Adsorption capacity can also be a function of the pH of the
liquid. Generally, adsorption increases
decreases.

Many

coloured

compounds

as waste water
related

to

pH

natural

products, such as sugar and glucose, change their structure
and colour as pH varies (Hutchins, 1981).

Treating the same solution at a range of pH values with the
same carbon generally shows better adsorption in the

lower

pH region. This can be attributed to two main factors:
pH dependence
intense colours

of

the

colour

at lower

of

compounds

pH values)

that more efficient adsorption

(often

and the

the
less

possibility

occurs at lower pH values.

In most cases the best results are obtained working at

the

lowest possible pH value.

2.3 Characteristics of activated carbon

Activated carbon surfaces have a unique character. They
have a

porous structure

which determines

its

adsorption

capacity, a chemical structure which influences interaction
with polar

and nonpolar

form of edges,

adsorbates, active

and dislocations

sites in

the

and discontinuties

which

determine the chemical reactions of its surface with

other

heteroatoms. Two carbons can

have equal surface areas

but
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when prepared
activation

by

different

treatments,

methods

may

or

show

given

different

markedly

different

adsorption characteristics (Deithorn and Mazzoni, 1986).

The characterization of activated carbons to assist
selection for industrial use is carried out on the basis of
several

physical

and

chemical

properties,

commonly

including particle size, abrasion resistance, bulk density,
ash content and adsorptive properties (Wigmans, 1986).

2.3.1 Particle size

Particle size, as well as being an important parameter in
the choice of
the rate

carbons for

of adsorption

pressure drop,

specific applications,

and such

operating conditions

filtration capabilities

requirements. The disadvantage of
increasing the pressure
balanced against

rate

as

and backwash

rate

a smaller particle

size

drop across a

the higher

affects

carbon bed must

of diffusion

into

be
the

pores and the consequent increase in adsorption rates.

2.3.2 Abrasion resistance

Another important characteristic that distinguishes
different types of carbons used in liquid phase

treatments

is abrasion resistance. This is significant because of

the

harsh handling to which

Dry

and

dewatered

material

granular carbon is subjected.
must

slurries are pumped. Resistance

be

loaded

and

to attrition is

if carbon loss is to be minimized. The abrasion

conveyed;
important
resistance
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of activated

carbons

is

particularly

important

if

the

carbon is to be used in an application where frequent
backwash cycles will be required.

Testing procedures which assess ability to resist abrasion
are usually expressed in terms of abrasion number.
Depending on the test used, the higher the abrasion number,
the more resistant the carbon is to abrasion (Deithorn and
Mazzoni, 1986).

The hardness, or abrasion resistance, of chars is dependent
on the nature of the feedstock. Generally, coal-based
activated carbons show an increase in the abrasion
resistance going from the softer lignite derived carbons to
the bituminous coal carbons (Deithorn and Mazzoni, 1986).
Brown coals and peats produce relatively soft chars whilst
coconut shell yields very hard products after
carbonization. Verheyen et al. (1988) stated that potassium
hydroxide has the ability to increase feedstock hardness
and to participate in the creation of microporosity during
carbonization.

2.3.3 Ash content

Ash level reflects the purity of the carbon. Ash represents
the inorganic residue left after combustion of the carbon
content of the raw material and is calcined mineral matter
together with some elements which were chemically bounded
to the organic matter. The original content of inorganic
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matter in

the coal

is approximately

1.1 x

ash

content.

Inorganic matter acts basically as a diluent of the carbon
available for adsorption but can also affect the activity
of some sites.

Common ash forming constituents of coal-based carbons are
silica, alumina, iron, calcium and magnesium together with
small amounts of alkalis and trace elements. Normally,
these ash forming constituents have a very limited
solubility in water and make immeasurably small
contributions to the overall quality of treated water.

Aluminium content may be related to changes in micropore
volumes of the chars. Thus, it appears that achievment of
the highest volume of micropores in char could be related
to the removal of the aluminium and possibly to removal of
the silicon compounds present in the coal (Ehrburger et
al., 1988).

Ehrburger et al. (1988) also studied the development of
porosity in coals during carbonization in relation to their
devolatilization behaviour. They stated that porosity
increases upon heat treatment, passes through a maximum and
then decreases. The increases in porosity usually result
from the enlargement of existing pores.
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2.3.4

Bulk density

The apparent specific gravity of a particle of a carbon
(that is, of a grain made up of solid material in the
walls and containing pores) has

a bearing on the

cell

settling

rate of the particle in a liquid, but the operator also
concerned about the

mass of

carbon that will

is

fit into

a

given container; that is the packing or bulk density.

The density of a particle will be influenced by the source
material and,

other

things

density, the fewer pounds of

being equal,

also affected

lower

carbon will fit into a

container (Deithorn and Mazzoni,
density is

the

the
given

1986). In practice,

by particle

size

bulk

distribution,

particle shape and moisture content, among other factors.

The bulk density may vary at different stages of the
operation such as
packing

density

at make up
of

advantageous, but if
size, with

evenly

or backwash treatment.
sized

obtained by a

consequent infilling

particles

would

gradation in

of granular

High
be

particle

interstices,

permeability would suffer and cause an increase in pressure
drop. It

would

also

be highly

likely

that

solid:fluid

interface contact would be restricted.

2.3.5 Adsorptive properties

The highly porous structure which develops during
activation

provides

the

extensive

surface

area

of

an
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activated carbon on
depends. The

which its usefulness

range of

applications of

very wide and

this warrants the

structure and

properties of

their characterization
adsorption

as

mechanisms

as an

active carbons

study of the

these carbons,

well as

involved

in
in

adsorbent
is

fundamental
to assist

understanding
their

in
the

utilization

(Wilson, 1981).

It has been shown that the adsorptive properties of
activated carbon

are determined

not

only by

its

porous

structure, but also by its chemical composition (Smisek and
1970).

Cerny,

Disturbances

microcrystalline structure
electron clouds

in

the

in

change the
carbon

unpaired electrons appear

the

arrangement of

skeleton;

and this

elementary

as

the

a result,

condition imparts

the

strong adsorptive properties of activated carbon . Another
type

of

disturbance

is

caused

by

the

presence

of

hetero-atoms in the carbon structure.

Industrial applications require that practical, sometimes
pragmatic, tests be used. Various tests have been developed
to indicate relative removal capacities of activated carbon
under specific conditions. Thus, in the literature and work
involved in

this study,

various

workers used

an

iodine

number test, a methylene blue colorimetry method or mercury
porosimetry measures. Basically, iodine number is a measure
of the iodine

adsorbed in the

pores. Mercury

porosimetry

measurements are widely used to measure pore volumes.
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CHAPTER THREE

CHEMISTRY OF COAL

3.1 The formation of coal

Coal is a family name for a variety a solid organic fuels
and refers to a range of combustible sedimentary rock
materials spanning a continuous quality scale. Coal is
formed when plant-derived material, usually with some
mineral matter, accumulates to form a peat. The peat is
then covered and compacted by a cover of younger
sedimentary rocks (Cook, 1981).

The transformation of plant substances into coal is
generally considered to involve two stages: the biochemical
stage, which is instrumental in establishing coal type, and
the dynamochemical stage, which establishes coal rank
(Cook, 1982; Grimes, 1982 and Teichmuller, 1982).

The biochemical stage commences with the accumulation of
vegetable matter and ends with the formation of brown coal.
Initially, fungi and aerobic bacteria contribute a great
deal to the decomposition of the source material. Under
conditions of absence of atmospheric oxygen, biochemical
coalification proceeds by the action of anaerobic bacteria.
Thus both structure and composition of the vegetable matter
are altered by anaerobic bacteria. Diessel (1984) regarded

28
this kind of bacterial action as a prerequisite for the
formation of

aromatic

compounds.

This

process

associated with increasing gelification of the

is

also

decomposing

plant material.

Fungi appear to cause selective decomposition of vegetable
matter. They firstly affect some of the soft cell
such as

hemicellulose

cellulose and

resistant ones, such as

and later

contents
the

more

lignin. The lignin, cellulose

and

amino acids plus carbohydrates, together with some tannins,
resins and waxes are progressively hydrolysed and
forming humic acids. Oxygen
for

the

transformation

is considered to be
of

lignin

into

oxidized
necessary

humic

acids

(Teichmuller, 1982 and Bustin et al., 1983).

Teichmuller (1982) stated that the two most significant
processes in vitrinite formation during the peat and

brown

coal stages are humification and gelification. Humification
is,

in

general,

the

peatification. It

can

more
best

important
be

progressing oxidation which is

process

visualized

as

during
a

slowly

accelerated by addition

of

oxygen and by heat.

Humification is followed by gelification which leads to
vitrinite formation in
The

reactions

during

predominantly of a

of sub-bituminous

gelification

appear

physico-colloidal nature

1982). Gelified humic
distinguished from

the stage

tissues in soft

ungelified

coal.

to

(Teichmuller,

brown coals can

tissues by

be

their

be

swollen,
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later compressed,

cemented

and

highly

homogenized

cell

walls.

3.1.1 Petrography of coal

Coal petrography represents an important aspect in the
assessment of quality of coal. It provides data relating to
the organic and inorganic composition of coal and the
degree of maturity of a coal. The techniques of petrography
were firstly introduced by Theissen and White in 1913
(Winans and Crelling, 1984). At that time, transmitted
light techniques were developed and used successfully by
many researchers both in Europe and the United States. The
examination of coal macerals by means of reflected light
techniques developed during the late 1940.

Microscopically, coal is composed of a number of organic
constituents termed macerals with subordinate amounts of
minerals. The macerals are organic substances derived from
plant tissues, cell contents and exudates that were
variably subjective to decay, incorporated into sedimentary
strata and then altered physically and chemically by
natural processes.

Macerals consist of three main groups vitrinite, liptinite
and inertinite. Identification of macerals is based on
morphology and optical properties (Cook, 1982). In low rank
coals the term huminite is recomended instead of vitrinite
by I.C.C.P (1971). The macerals of the liptinite and
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inertinite groups are used under the same names in low

and

high rank coals. The maceral groups and macerals are listed
in Table 2 where the term is used for vitrinite for both
low rank and high rank coals.

The vitrinite macerals are the most abundant macerals in
most coals. According to Teichmuller (1982), the maceral
group of vitrinite originates mainly from the humic-acid
fraction of humic substances, which are dark coloured
compounds of complex composition. These compounds mainly
contain the elements carbon, oxygen, hydrogen and nitrogen.

Liptinite is derived from relatively hydrogen-rich plant
materials such as cutin, resin waxes, fats and oils, as
well as from bacterial degradation products of protein,
cellulose and other carbohydrates. Liptinite contains
relatively large amounts of aliphatic constituents. It has
the highest hydrogen content of any maceral group (Galoway
and Hobday, 1983) .

Most inertinite is formed by alteration of humic matter
during the peat stage, either by charring or by biochemical
activity. As a result, inertinites contain high carbon and
low hydrogen (Cook, 1982). Because of a greater degree of
aromatization and condensation, the reflectivity of
inertinite is substantially higher than that of vitrinites
except at meta anthracite rank.

30.1

Table 2: List of macerals unifying and simplifying brown
and hard coal nomenclature (From Cook, 1982)

Maceral group

Vitrinite

Maceral

Telovitrinite
Detrovitrinite
Gelovitrinite

Liptinite

Inertinite

Alginite

Suberinite

Cutinite

Liptodetrinite

Sporinite

Fluorinite

Resinite

Exudatinite

Fusinite

Macrinite

Semifusinite

Micrinite

Sclerotinite

Inertodetrinite
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Teichmuller

and

assessed rank

Ottenjann

by

(Falcon

measuring

fluoresence

ultra-violet light emissions from
These

methods

now

have

and

also

production of hydrocarbons from

Snyman,

1986)

intensity

using

the surface of

been

connected

exinite.
with

source rocks and are

the
used

in the exploration for oil and gas.

3.1.2 Application of coal petrography

One of the most important aspects of coal petrography is an
understanding

of

constituents

have

processing, in

the

effects

that

the

on

the

behaviour

of

particular, the

petrographic
coal

during

processing sequences

that

are designed to produce gaseous and liquid fuels from

coal

(van Krevelen, 1981 and Speight, 1983).

The application of petrography is also important in the
selective utilization and marketing of coals from different
sources and

is

invaluable

in

calculating

the

blending

procedures for coke making. Coal petrography is also

being

used increasingly to solve geological problems.

It was used in the investigation reported to define the
rank of the

coals and

structures as

discussed

hence indicate
before.

the

It is

nature of

apparent

that

process based on ion exchange would look to the use of
rank coal as its feedstock. Coal petrographic methods
usd to assess rank.

the
a
low
were
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3.2 Coal chemistry structure

Coal consists of hydrocarbon based or related compounds
with abundant heteroatoms, especially oxygen. The number of
hydrogen atoms is generally comparable to the number of
carbon atoms in low rank coals. Many inorganic elements are
present in small or trace amounts. It is also a chemically
non-homogeneous material, as confirmed by many studies on
the composition of the fractions obtained after extracting
the coal with organic solvents (Thomas, 1986; Schobert,
1987 and Grigoriew, 1990). So far a few hundred atomic
groups have been found. These atomic groups are composed of
varying number of carbon rings, with a different number of
members of carbon, as well as OH, NH2 and other groups.

The structure of coal cannot be defined in the same way as
the structure of a pure crystalline solid can be defined
because of the heterogeneous nature of coal, but a
knowledge of the structural features is important for
understanding coal properties and behaviour during
gasification, carbonization and combustion. It is best
described by structural parameters such as molecular
weight, carbon aromaticity, aromatic and aliphatic
structures and the nature and abundance of functional
groups. Some information on coal structure can be obtained
from characterization of the pyrolytic products. Other
techniques include extraction, mild hydrogenation, N.M.R
and E.S.R spectrometry.
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It is now generally agreed that all coals except anthracite
have as their main building block aromatic and
hydroaromatic structures, some containing heteroatoms and
other functionalities, consisting of three to five rings
crosslinked primarily by ether oxygen and methylene bridges
(Walker, 1981). The presence of both crosslinks and
hydroaromatic linkages in the building blocks between
aromatic groups prevents good alignment of the building
blocks. This results in extensive microporosity in coals
and affects the apparent molecular weight of the material.

Thomas (1986) stated that coal has a macromolecular
structure. This involves cross-links and entanglements of
heterogeneous macromolecules. The type of cross-links may
vary significantly and could involve oxygen, carbon and
various others types of cross-links.

Schobert (1987) holds that the chemical structure of coals
is a three-dimensional cross-linked polymer consisting of
aromatic ring systems linked by aliphatic carbon bridges
and ether oxygen bridges.

3.2.1 Functional groups in coal

The predominant functional groups found in coal are those
containing oxygen. These groups are the most reactive
components of coal and specifically, they include carboxyl,
carbonyl, hydroxyl, etheric and heterocyclic oxygen. The
carboxyl, carbonyl and phenolic hydroxyl groups are present
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in low

rank

coals but

are

absent in

high

rank

coals.

Bituminous coal contains no carboxylic acids or methoxy
groups, and an average of one ether, one phenol and
slightly more than two aromatic nuclei per molecular unit.
Sub-bituminous coal would have an average of about one
carboxylic acid, one ether, two phenols and two aromatic
nuclei per molecular unit. Lignite would contain an average
of more than one carboxylic acid, three phenols, one ether
and less than two aromatic nuclei per molecular unit
(Whitehurst et al, 1980).

The hydroxyl groups in coals are predominantly phenolic.
There is little evidence for the presence of alcoholic or
very weakly acidic hydroxyl groups. The hydroxyl percentage
in coal is a function of rank. According to van Krevelen
(1981) the hydroxyl oxygen would be one quarter to one
eighth of the total oxygen content for low rank coal,
whilst in higher rank coals (83% carbon dmmf) the hydroxyl
content has dropped to a relatively very low value.
Subsequent researchers found that brown coal contains 5%
hydroxyl oxygen and failed to identify hydroxyl oxygen in
coals of rank higher than of 83% carbon dmmf.

During the transition from brown coal and lignite to
low-rank bituminous coals (70 to 81% carbon dmmf) the coal
first loses the methoxyl groups, then the carboxyl groups,
while the content of carbonyl groups also decreases
considerably (Whitehurst et al, 1980). The percentage of
hydroxyl groups remains almost constant.
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Carboxyl groups are absent in medium to high rank coals but
these groups occur in brown coals and lignites.
Approximately 5.5% carboxyl oxygen was found in brown coal
(van Krevelen, 1981). At 83% carbon dmmf in coal all
carboxyl groups have disappeared.

According to Schafer (1970), a characteristic of low-rank
coals is that much of the oxygen associated with their
structure is present as carboxyl groups. The occurrence of
these groups and their properties are of considerable
general interest. They impart ion-exchange properties to
these materials and appreciable amounts of the more
important inorganic constituents are frequently present as
salts of these acid groups. In the coalification process,
the carboxyl groups appear to have a limited existence and
decarboxylation occurs before phenolic oxygen is removed as
the oxygen content decreases.

The methoxyl groups, similarly to carboxyl groups, do not
occur in appreciable amounts in medium and high rank coals.
Their content in brown coal is about 2.8% (van Krevelen,
1981).

The distribution of the functional groups discussed above
in coals varying in rank from 55 to 95% carbon dmmf are
shown in Figure 2 as the cumulative percent oxygen found in
different functional groups for the different coals. It can
be seen that methoxy and carboxy functionalities are of
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Figure 2: Distribution of oxygen functionality in
coals (Whitehurst, et al., 1980)
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little importance

in coals

with greater

than 80% carbon

(Whitehurst et al., 1980).

Carbonyl oxygen is found in all products of the
coalification series, van Krevelen (1981) found 3.5%
carbonyl oxygen in brown coal. Carbonyl oxygen contents
fluctuate around 0.5% in coals of rank 83% carbon content
and higher. The abundance of functional groups decreases
systematically as rank increase.

3.2.1.a Sulphur

Sulphur has a similar chemistry to oxygen, but much less is
known about the organic sulphur in coal compared with
organic oxygen. Sulphur also occurs in coal as iron pyrites
(FeS~), organically bound sulphur and as sulphate. The
proportions of sulphur in the various forms varies from
coal to coal. Lester et al. (1982) have suggested that
sulphur occurs partly as thiols, sulphides and disulphides
and partly as aromatic ring compounds.

Heterocyclic sulphur compounds have been identified in
coals but there have been very few studies which have
concentrated on the organic sulphur functional groups in
coal. The organic sulphur in coal consisting of thioether
and thiophenic forms and the ratio thioether/thiophenic
decreases from three in high volatile coals to one sixth in
semi anthracite according to van Krevelen (1981). He also
reported that half or more of the organic sulphur can be
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oxidised

to

sulphate.

The

data

indicate

that

fractions of the organic sulphur are present as
sulphur in higher rank

coals than in

larger

thiophenic

coals of lower

rank

(Davidson, 1982).

3.1.1.b Nitrogen

Very little appears to be reported on the forms of organic
nitrogen present in coal, van Krevelen (1981) reported that
the nitrogen occurs almost completely in cyclic structures.
Nitrogen

functionality

representative of

the

in

coal

is

nitrogen species

believed
in

the

to

be

original

plant matter.

3.1.2. Carbon aromaticity

Coal as a whole is strongly aromatic. Two important
aromaticity values need to be considered, the percentage of
hydrogen atoms directly bonded to aromatic carbons and

the

percentage of aromatic carbon atoms (Davidson, 1982).

Carbon aromaticity is commonly written as fa and it is one
of

the

more

Chakrabartty

important
and

structural

Kretschmer

of

coal.

presented

some

parameters

(1974)

surprising fa values obtained from studies on the oxidation
of coal by
hypohalite

sodium hypohalite. The
is

a

discriminates between

highly

basic premise was

selective

aromatic and

reagent

aliphatic carbon

that
which
such

that no aromatic carbon can be oxidized. It was found that,
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under the reaction condition used, hypohalite oxidation was
substantially independent of coal rank up to about 90%
carbon . Up to this level carbon the ratio of aromatic to
aliphatic carbon was calculated to be approximately 2:3,
indicating an aromaticity of about 40%, a figure much lower
than that reported by Cooper and Murchison (1969).

Correlation between the rank of the coal and its
aromaticity have been studied by Whitehurst et al. (1980);
see Figure 3. According to that workers aromatic carbon
content increases from about 50-60% for some sub-bituminous
coals to over 90% for anthracite. Davidson (1982) stated
that aromaticity increases more or less steadily with rank,
reaching its maximum value of unity in coal of rank about
94% carbon dmmf. However, some of these results do not bear
out van Krevelen's statement that the aromaticity in the
range of lignite to low-volatile bituminous coal increases
from 70% to 90%.

Recent studies have indicated that the condensed units in
coal are fairly small, often not more than four rings
(Davidson, 1982). These values have been obtained by
deducing ring structure from elemental composition and
aromaticity data or by degrading coal and identifying the
products.

The number of aromatic rings in the unit structures in coal
can be estimated if it is possible to degrade the aliphatic
portion of coal while leaving the aromatic structure
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Figure 3: Carbon distribution for coals of
varying rank (Whitehurst, et al., 1980)
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intact. Oxidation of

coal is one

approach which has

been

investigated. Chakrabartty and Berkowitz (1974) used sodium
hypohalite as a selective oxidizing agent. They concluded
that coal is largely aliphatic and that benzene rings
constitute the majority of the aromatic portion.

The generally accepted higher fa values for higher rank
coals demonstrated that the bulk of carbon in coals is
accounted for by the presence of aromatic ring structures.
These structures can range from simple benzene rings to
large condensed aromatic systems. One of the commonest
conceptions of the overall structure is that of various
condensed aromatic units connected by linking groups.

3.2.3 Aliphatic structures

Much of the interpretation of the nature of the aliphatic
part of coal seems to have been obtained by simply
considering the elemental analysis and the percentage
carbon aromaticity.

Chakrabartty and Kretschmer (1972) noted that information
about the aliphatic structures in coal was incomplete and
their significance possibly underestimated. This was
demonstrated by treating coals with sodium hypohalite and
measuring the yields of acetic and propionic acids. They
obtained results which indicated that n-propyl, n-butyl and
ethyl groups exist in coal.
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A minimum of 3-5% of the
shown to exist

total carbon in low rank coal

in n-propyl form,

accounts for less than 1% of

while

is

the n-butyl

form

the total carbon in low

rank

coals and about 2% in high rank coals (Davidson, 19 82).
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CHAPTER FOUR

GEOLOGICAL SETTING AND PROPERTIES OF
INDONESIAN COALS

4.1 Introduction

The currently economic coal resources in Indonesia are of
Tertiary age. Dominantly, they range from lignite to
sub-bituminous coal. In some regions, the rank of the coal
is increased by igneous activity resulting in the formation
of bituminous coal, anthracite and natural cokes. Coal
deposits are widespread in the western part of the
Indonesian Archipelago, particularly in the islands of
Sumatra and Kalimantan. Small deposits of coals are also
found in a number of locations in Jawa*, South Sulawesi,
Maluku and Irian Jaya.

It is evident that coal rank is a major factor in the
process being examined and the geological background to the
properties of the coals is therefore reviewed in some
detail.

Based on the time of development of the sedimentary basins,
the Tertiary basins can be divided into Paleogene and
Neogene. The Paleogene basins of Indonesia are intramontane
and intra-continental basins, while the Neogene basins are
* Name preferred in Indonesia.

42
fore-arc, retro-arc, inter-deep and a suite of delta basins
on a passive rifted margin.

In relation to coal deposition, the most important
sedimentary basins are Paleogene intramontane basins,
Neogene retro-arc basins and Neogene deltaic basins
(Koesoemadinata et al., 1978).

Paleogene coals are found in West Sumatra, West Jawa,
south-eastern Kalimantan and South Sulawesi. Neogene coals
are extensively distributed in the southern part of Sumatra
and the eastern part of Kalimantan.

4.2 Geological setting of Indonesian coalfields

The Indonesian islands are considered to be the result of
interactions between three crustal blocks: the Indian
Ocean-Australian, the Pacific and the Eurasian plates
(Figure 4) .

According to Koesoemadinata et al. (1978) Indonesia
geologically is subdivided into two tectonic regions.
Western Indonesia is composed of Sumatra, Jawa, Kalimantan,
the lesser Sunda islands and western Sulawesi. Eastern
Indonesia is represented by eastern parts of Sulawesi, the
islands of the Sula Spur and Irian Jaya.

Coal deposits are found in many locations within Indonesia
(Figure 5), but those of major economic significance are on
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the islands of

Sumatra and Kalimantan.

The locations

are

named in Appendix.

4.2.1 Sumatra

The structural development of Sumatra is generally
attributed to the interaction of two major crustal plates:
the Southeast Asian Plate and the Indian Ocean Plate
(Katili, 1973). This interaction caused strong deformation
of the Mesozoic and Paleozoic complexes of the Barisan
Range, situated on the western side of the island. A series
of Tertiary retro-arc basins developed along the western
edge of the Sunda Shield east of Barisan Range (Figure 6 ).
Meanwhile intramontane basins formed along the zone of the
Barisan Range and on the western margin of the island a
fore-arc basin developed.

4.2.1.a Northwest Aceh Basin

In the Aceh Basin, coal bearing strata are found in the
Lalang and Tutut Formation which are of Miocene to
Plio-Pleistocene age. An attractive coal deposit in the
lower west Aceh Basin is found in the Kawai XIV area
(Sumber Daya Mineral, 1985). The coals are found in the
upper part of the Tutut Formation (Figure 7).

4.2.1.b Ombilin Basin

The Ombilin Basin is a Tertiary sedimentary basin structure
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ANDAMAN SEA

INDIAN OCEAN

Figure 6: Location map of Tertiary foreland basins
in Sumatra (From Boyd and Peacock, 1986)
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Figure 7: Location map of the Kawai XIV area,
Meulaboh, west Aceh (From S.D.M 1985)
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located in a mountainous plateau

east of the main

Barisan

Range in West Sumatra. The Tertiary sequence was deposited
in an intramontane basin, developed at the beginning of the
Early Tertiary age, when the pre-Tertiary landmass was
block faulted into grabens (Koesoemadinata et al., 1978).
The Ombilin coalfield is situated approximately at the west
central part of the basin. The coal measures are found in
two stratigraphic units, in the Sawahlunto Formation and in
the Roro Member of the Sawah Tambang Formation.

Coal seams in the Sawahlunto Formation are exposed in the
vicinity of Sawahlunto, north of Sulit Air, Subalin area
and south of Kabau area (Roeslan, 1984). In the Roro Member
of the Sawah Tambang Formation, coal seams are exposed on
the flanks of the Palangki anticline, in the southeast part
of Ombilin Basin.

4.2.l.c Central Sumatra Basin

The Central Sumatra Basin (Figure 8) is a part of the south
and central basinal area. To the west, this basin is
bounded by the Barisan Range; on the north it is separated
from the Central and the North Sumatra Basins by a
structural high.

The coal measures with potential for development within
Central Sumatra Basin occur mainly in the Korinci Formation
of Neogene age but in some locations Paleogene coals of the

Figure 8: Tertiary Basin of central Sumatra
(From Working Committee of Central Sumatra
Coal Exploration Project, 1988)
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Sihapas Formation also

crop out. The

coal prospect

areas

are at Cerinti, Rokan and Galugur.

4.2.1.d South Sumatra Basin

The South Sumatra Basin is a part of the south and central
Sumatra basinal area, being separated from the central
Sumatra area by Tigapuluh Mountain Uplift. The basinal area
is bounded in the east by Sundaland, in the west by the
Barisan Range, while in the south it is separated from the
Sunda basin by the Lampung High.

The coal measures of this basin occur mainly in the Neogene
Muara Enim Formation (Koesoemadinata et al., 1978 and
Roeslan, 1984). This Formation was deposited during the
middle stage of a major phase of regression in
sedimentation (Figure 9).

4.2.2 Southwest Jawa

The Southwest Jawa region shows evidence of being affected
by at least four periods of tectonic disturbance typically
associated with volcanic activity and intrusions such as
the Late Oligocene-Early Miocene orogeny, the Middle
Miocene orogeny, the Pliocene orogeny and the Quarternary
orogeny (Bauman, 1973).

The coal measures found in the Bojongmanik and Bayah areas
are situated in the South Banten region, the west Jawa
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Figure 9: Tertiary Basin of south Sumatra
(From Directorate General of Mines, 1984)
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Basin (Figure

10). The

coals

in

Bojongmanik

area

are

Neogene in age and the coals in Bayah area are of Paleogene
age. The Paleogene coals were developed in a paralic
environment when terrestrial sedimentation took place.
These coals occur in the Bayah Formation (Daulay, 1985).
The Neogene coals, however, occur in the Bojongmanik
Formation of Upper Miocene age.

4.2.3 Kalimantan

The tectonic framework of Kalimantan developed in the Late
Cretaceous to Early Paleogene, when eastern Sundaland broke
up under the impact of the Pacific Plate. The basin systems
of Kalimantan were initiated during the Eocene when the
Indian plate collided with the Eurasian continental plate
(Koesoemadinata et al., 1978).

In Kalimantan, coal basins developed mainly along the
eastern side of Kalimantan (Figure 11). The prominent coal
areas are Tarakan Basin and Kutei Basin in east Kalimantan;
Barito Basin and Asem-Asem Basin in southeast Kalimantan,
and Melawi Basin in west Kalimantan.

According to Samuel and Muchsin (1975), the Kutei Basin,
the Barito Basin and Asem-Asem Basin all have related
depositional histories from Eocene age through to the
Middle Miocene age. During Late Miocene time, uplift of the
Meratus Mountains divided the southern part of the Kutei
Basin into the Barito and Asem-Asem Basins.
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The principal coal

bearing strata in

the Kutei Basin

are

the Middle Miocene Pulubalang Formations and the Miocene to
Pliocene Balikpapan and Kampungbaru Formations (Roeslan,
1984). The late part of the development of the Kutei Basin
followed the rifting of Sulawesi from Kalimantan. In the
Sangatta area coal seams are found in the area of the
Pinang Dome which is in the northeastern part of the Kutei
Basin. The coals occur in the fluvio-deltaic sequence in
the lower part of the Balikpapan Beds of Tertiary Kutei
Basin (Muggeridge, 1987).

In the Asem-Asem Basin coals are found the Tanjung
Formation of a Paleogene transgressive sequence and the
Warukin Formation of the Neogene regressive sequence. Coals
in Barito Basin are located in the Warukin and Dahor
Formations, while in Tarakan Basin, Miocene coals are found
in the Berau, the Tabul and the Meliat Formations.

4.2.4 Sulawesi

Generally, coal seams in Sulawesi are found in the Neogene
Sulawesi molasse sediments which are wide spread within
Sulawesi (Cussoy, 1990). Mostly, coal seams have been found
in the south arm of Sulawesi, such as at Todongkura,
Pattuku, Malawa and Wae Pute.

Todongkura coalfield is located about 10 km northeast of
Ujung Pandang (Figure 12). The coal seams at Todongkura are
in the Eocene sediments of the Malawa Formation. Haryono
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Figure 12: Location of coal deposits in the south
arm of Sulawesi (From Wibowo, 1986)
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and Sulaeman

(1985) reported

there are

three coal

seams

0.50, 1.00 and 1.20 m in thickness.

Pattuku coalfield lies about 120 km northeast of Ujung
Pandang. This location can be reached from Maros (Figure
12). The coal seams are included in the upper part of
Malawa Formation which consists of sandstone and coal. The
Malawa Formation is Early Miocene in age and is conformably
covered by carbonate rocks of the Tonasa Formation. Four
coal seams in this field were found in this area. They
range in thickness from 0.8 to 3.30 m (Haryono and
Sulaeman, 1985).

Malawa coalfield is situated about 51 km west of Maros.
Coal seams in this area have been found in the Malawa
Formation which consists mainly of quartz sandstone and
claystone. The age of the Malawa Formation is Early Eocene
to Middle Eocene and it was deposited in swamps in an
intramontane setting (Cussoy, 1990).

Wae Pute coal coal field can be reached from Ujung Pandang
via Maros about 140 km (Figure 12). Coal seams in this area
are part of the Malawa Formation which consists mainly of
clayey sandstone and quartz sandstone.

Coal seams exist in a number of other locations in South
Sulawesi and Central Sulawesi. Haryono and Sulaeman (1985)
reported some coal seams in Enrekang, Makale, Maros,
Pangkajene, Bone, Poso and Toli-Toli districts.
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4.2.5

Irian Jaya

The Irian Jaya sedimentary basins formed within a fractured
continental

platform

during

a

regressive

phase

sedimentation. Tertiary coals occurs in the Salawati
and Bintuni

Basin, Permian

coals occur

of
Basin

Akimeugah

in the

Basin (Figure 13).

In the Salawati Basin, coal is found mainly in the Klasaman
Formation of Pliocene age. The Bintuni Basin coal is
in

the

Steenkool

Formation

of

Pliocene

age.

found

In

the

Akimeugah Basin, coal is found

in the Aiduna Formation

Permian age. Coal

1.5 m occur

seams up to

Formation although most

are less 30

in the

cm thick

of

Aiduna

(Panggabean

and Hakim, 1986).

4.3 Coal quality

4.3.1 General

Generally, Indonesian coals range from lignite to
bituminous coals, but are

predominantly low in rank,

have

high volatile matter yields and are non coking. Many

coals

seams, especially those of Miocene

yield

lower than 4%. Most

age, have an ash

of the coals also

have a low

sulphur

content. Table 3 indicates the quality of Indonesian coals.

The

Ombilin

coalfield

(Central

Sumatra)

has

been

intensively investigated since 1960. The reserves are about
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166

million

tonnes

of

high

volatile

coal

with

high

calorific value, low ash and low sulphur content (Sahminan
et al., 1988). The high calorific value of these coals
makes them suitable for steam raising. In some areas the
coals are weakly coking and can possibly be used in blends
with stronger coking coals from other countries to give
metallurgical coke.

The Bukit Asam coalfield (Figure 9) contains several coal
prospects. In quality the coals are generally of low rank,
characterized by low calorific value, high moisture and
high volatile matter content. The coals are being mined by
the government owned Bukit Asam Mines. Due to the effect of
contact alteration these coals show, range of rank, the
Airlaya Mine, for instance, has produced high-volatile to
medium-volatile bituminous coals, whereas the Suban Mine is
known for its low-volatile bituminous coals and
semi-anthracites. Vitrinite reflectance of coal not
affected by contact alteration ranges from 0.30% to 0.53%
but the Rvmax of thermally altered coals ranges from
0.69% to 2.60% (Daulay, 1985). The higher ranks coals
result from an accelerated rate of coalification associated
with heat effects from andesitic intrusions.

Miocene age coals from east Kalimantan have low ash, low
sulphur, high moisture contents and high volatile matter
yield. These coals range from lignite A to high-volatile C
bituminous in the American Standard of Termal Material
(ASTM) rank classification. The Eocene coals tend to be
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slightly higher

in

rank

yields and some seams are

but generally

have

higher

ash

have moderately high content

of

sulphur.

Coal mining has been done in Kalimantan for over 50 years
and large

scale development

of

occurring now. The government

mining in

Kalimantan

of Indonesia has

encouraged

involvement of private companies, both Indonesian and
overseas, and

new

mining

operations

are

is

coming

from
in

to

production.

The east Kalimantan and Bukit Asam coals are used by
Suralaya power
Jawa. Coals

station,

are also

which is

exported

situated

from east

in

northwest

Kalimantan

and

Ombilin, some coal is used in cement manufacture.

4.3.2 Coal type

From a coal petrographic point of view, Indonesian Tertiary
coals are rich in vitrinite and contain significant amounts
of liptinite but only low amounts of inertinite.
constitutes 7 5-93%
4-10% of the coals.

of

the

coals.

Liptinite

Vitrinite
constitutes

Inertinite constitutes less than 10%,

but some coals, typically Neogene coals, have an average of
5%

inertinite

(Daulay,

1985).

Mineral

matter

content,

comprising mainly clay and pyrite typically is low.

Daulay (1985) reported that the Sumatra and Jawa coals tend
to

have

a

decreased

proportion

of

liptinite,

but

an
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increased

proportion

of

vitrinite,

Paleogene, whereas in Kalimantan
the

increase

in

decrease in the

the

from

Neogene

to

coals, the main trend

proportion

of

liptinite

proportion of inertinite

and

is
the

from Neogene

to

Paleogene.

Vitrinite in Indonesian coals consists mostly of
detrovitrinite and telovitrinite. Detrovitrinite
constitutes over 50% of the
abundant in

the

Miocene

total vitrinite

coals than

in

generally

and is

the

more

Eocene

and

Oligocene coals.

Cutinite and resinite are the dominant liptinite maceral in
most Indonesian coals, although
some occurrences.

The

suberinite in some
relation to

high

coals may

the timing

(Cook, 1987).

suberinite is dominant

percentage
be a

resinite

and

significant factor

of generation

Sporinite is

of

of oil

common, but

from

in

in

coals

exsudatinite

fluorinite are rare. Bitumen is present sparsely sparse

and
in

some coals.

Inertinite includes semifusinite, sclerotinite and
inertodetrinite

and

semifusinite exceeds

comprises
5% in

some

less

than

coals, mainly

5%,
those

but
of

Neogene age in of Kalimantan (Daulay and Cook, 1988).

4.3.3 Coal rank

Increased depth of burial and increased temperature and
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pressure over a period of time results in higher coal rank.
Cook et

al.,

(1972)

stated

that

igneous

activity

can

locally increase the supply of heat and cause increases

in

the rank of nearby coal seams.

Reflectance studies on Indonesian coals reveal that they
exhibit a

wide

range

of

vitrinite

variable tectonic and igneous
of

Indonesian

Tertiary

reflectances of Neogene

of the Paleogene

ranges

from

rank
to

vitrinite

not affected

the range 0.29%-0.66% and

coals range from

to

lignite

Tertiary coals, the

Indonesian coals

contact alteration are in

due

intrusion factors. The

coals

anthracite. For outcropping

reflectance

0.52% to 0.77%

by

those
(Daulay

and Cook, 1988 and Cook, pers comm, 1990).

4.4. Summary

Coal deposits are present in many locations in the
Indonesian Archipelago,

particularly

on

the

islands

of

Sumatra, Kalimantan and West Jawa.

They range in age

from

Permo-Carboniferous to Pleistocene.

Most Indonesian

coals

are of low rank. The Neogene coals are typically much lower
in rank than Paleogene coals.

The coals are rich in vitrinite and liptinite. Inertinite
is rare, with the exception of some Neogene coals.
matter contents consist mainly of
generally low. However
dirt bands.

Mineral

pyrite and clay and

some coals have

a large number

are
of
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CHAPTER FIVE

PREVIOUS WORK

5.1 Activated carbons from coals

Availability and cheapness of coals are important factors
in the choice of the manufacturing of activated carbons.
Various lignites and brown coals have been put to use. It
has been shown that activated carbons can be produced from
Victorian brown coal and that they have a high capacity to
adsorb gold, but an unacceptably low attrition resistance
(Swinbourne and Jobson, 1986 and Verheyen et al, 1988). The
rank of some Indonesian coals approaches that of the
Victorian brown coal and Ningrum initiated work on Sumatran
coals in the laboratories of Pusat Pengembangan Teknologi
Mineral in Bandung in 1979.

A substantial body of technical literature has been
published about the production of activated carbon from
coal, mostly by carbonization followed by partial
gasification but also including chemical treatments aimed
at modifying the structure so that comparable activity may
be achieved with less loss of carbon. Selected articles are
reviewed in this chapter.
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5.2 Physical treatment

The physical activation of coals and other carbonaceous
materials for
investigated

production
by

of

numerous

activated

researchers.

carried out at temperatures between

carbon

has

It

generally

is

800 and 1100 C in

presence of suitable oxidizing gases such as steam,
dioxide, air

or

any

mixture of

been

these

gases.

the

carbon

That

is,

activation is achieved by increasing the accessible surface
area of

the particles

by

the burn

off of

carbon.

This

incurs loss of yield from the feed coal.

Tomkow et al. (1977) studied the activation of brown coals
carbonized at 900°C

with water vapor,

carbon dioxide

and

oxygen and observed that each activation process produced a
different distribution of
was

kept

to

low

porosity. When

levels,

all

those

the weight
activating

loss
agents

produced solely micropores and their volume was the highest
with

oxygen

activation.

activation of

brown

The

coal

temperature

carbonization

strong influence on the volume

of

products

oxygen
has

of the developed pores

and

on pore size distributions. With increasing temperature
activation the volume of
properties

of

the

decreases, however the

pores responsible for

activated

product

micropore volume

a

of

adsorptive

systematically
passes through

a

maximum.

There was an indication that water vapour activation
resulted in

the development

of mesoporosity

to a

higher
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extent than occurred
vapor activation
range of

with carbon dioxide

was

800-850°C

most effective
(Rist

in

and oxygen.
the

and Harrison,

The

temperature

1985)

with

the

exclusion of oxygen which at these temperature aggressively
attacks carbon and decreases the yield by surface burn off.
Spencer

and

Wilson

activated carbon
anthracite as

(1976)

studied

using steam

raw material.

as an

the

production

of

activating agent

and

They reported

that the

pore

structures were similar to those found by other workers for
anthracite activated by steam or carbon dioxide.

Activation with carbon dioxide mainly developed
microporosity over
produces a more
al. (1976)

the

entire

range

of

uniform porosity. According

the course

of activation

offs.

It

to Berger

et

burn

with carbon

dioxide

depend on the raw material

and the condition in which

process

such

is

carried

out,

activation. In the case

as

the

temperature

activation causes broadening of
such

changes

of

of carbonaceous material which

composed almost solely of carbonized woody organic

burn off;

the

are

the pores with
typical

for

is

matter,

increasing

this

type

of

material. The influence of the temperature of activation is
such

as

might

be

expected

for

a

porous

carbonaceous

material.

Rist and Harrison (1985) concluded that lignite was capable
of yielding activated carbon having specific surface
in excess of 460

m2/g. Lignites are

feedstocks for powdered

found to be

activated carbon

areas

economic

but higher

rank
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coals are

generally

use

to

produce

granular

activated

carbons and for pellet manufacture. Granular carbons that
are made from lignite have the largest average pore size,
least surface area and lowest bulk density (Standard for
Granular Activated Carbon, 1974). Bansal et al. (1988)
pointed out that activated carbon from lignite produced
hard carbons but small micropore volume. These carbons are
generally preferable for water treatment.

The production of activated carbon from bituminous coal has
been studied by Juntgen (1986). He reported that activated
carbon with a surface area of 1220 m2/g was achieved but a
high burn off rate was involved.

The pore structures of activated carbon made from
anthracite have been investigated by Spencer and Wilson
(197 6) using low-temperature nitrogen sorption, mercury
porosimetry and density techniques. Anthracite as a feed
stock for active carbon having the advantages of a low
volatile matter and of giving a high yield of activated
carbon.

5.3 Chemical treatment

A number of workers have aimed at the chemical modification
of the coal substance before carbonization in order that a
more open pore structure (larger accessable surface area)
might be achieved with minimum loss of carbon. Presumably
this involves changes in the structural components which
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are altered

further by

washing. This

aim

is

the

effect of

stated in

a

carbonization

number

of

and

published

papers, which are reviewed below, but little explanation of
the mechanism is offered. The main purpose of the

chemical

treatment approach

reactive

has

carbon with minimum

been to

or at

achieve

highly

least much less

loss of

than the gasification of some 25% of the carbon as

yield
happens

in conventional processes.

Several types of chemical agents have been utilized in the
production

of

hydroxide for

activated

carbon.

the preparation

abrasion resistant carbons

from brown

coal

of

high surface

high

area

and

brown coal

was

prepared activated

yields

by

with potassium chloride

and potassium

at

a

pH

of

8.25

by

carbon

impregnating

Yallourn seam brown coal
hydroxide

potassium

Subsequently work was done

(1979) . They
with

use

from Victorian

pionered by Schafer (1979).
Durie and Schafer

of

The

the

solution

followed

by

washing, carbonization and leaching.

The carbons produced were shown to have good vapour and
liquid

phase

adsorption

characteristics,

the

potassium

apparently possessing ability to influence the structure of
the char and

also generate a

remarkably large

accessible

surface area. Iodine number values varied in the range
mg/g to 1300 mg/g, in one
the washed

char

specific case being 975 mg/g

(and increasing

to

1280 mg/g

when

200
on
the

product was subjected to steam activation). Recovery of the
product from the feed coal was about 50% on the dry

basis.

59
Victorian brown

coal has

the advantage

of very

low

ash

content, about 1.2% dry basis.

McAllan et al. (1984) aimed at a through re-examination of
Schafer's work. They prepared hard activated carbons from
Victorian brown coals by impregnating the coal with
potassium chloride at a pH 8.25. These carbons exhibited
high levels of activity, iodine number was high, between
300 and 1300 mg/g, the hardness of these carbons was more
variable, 30 to 70 and reflects differences in the coal
preparation. Carbon yields were between 40 and 60% dry coal
basis.

Study of catalytic activities of potassium halides has been
done by Huttinger and Minges (1984). A natural graphite was
used in this study. The catalyst raw materials were mixed
with the graphite powder and the mix carbonized at
temperature 900°C. This study reported that potassium
chloride showed a remarkable ability to influence activity.
It was suggested that hydrolysis is the initial step of the
catalytic activity.

Gas and Fuel Corporation of Victoria, produced highly
active carbons from briquettes brown coal but found
difficulty in maintaining sufficiently high levels of
hardness (McAllan, et al., 1984). Char with iodine number
of 1050 mg/g and hardness factor 48 was obtained but the
yield reported was low, 15% on a dry coal basis. This low
yield becomes significant in the light of some results
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reported later, but

the Gas and

Fuel Corporation was

not

able to provide more information about this work.

Bansal et al. (1988) reported that activated carbons of
high surface area could be made from coal, by impregnating
with hydrated potassium hydroxide. The impregnated material
was first carbonized between 300 and 450°C and then further
heated in another vessel between 700 and 850°C for times up
to 4 hours. The resultant product after cooling in an inert
atmosphere and washing with water to remove the
impregnating material was found to be highly microporous
and had a cagelike structure.

Further work has been done by Verheyen et al. (1988). They
stated that potassium hydroxide has the ability to improve
feedstock hardness and to participate in the creation of
microporosity during carbonization. In terms of relatives
hardness, all the chemically treated chars developed a high
degree of hardness compared to those produced from
untreated coals. Work has been done by Heng et al. (1985)
indicated that the chemical pretreatments used in this
investigation were all effective in developing a good
degree of hardness in the char produced at 400, 700 or
900°C. The development of hardness appears to be associated
with the presence of solubilized coal which was produced by
chemical pretreatment. This was observed to act as a form
of binder for the coal particles. They also reported that
alkali addition to brown coal results in dissolution of the

61
humic acid fraction and formation of a glassy colloidal gel
on drying.

Pyrolysis of coals in the presence of alkaline compounds
may lead to a significant increase of the micropore

volume

of the resultant carbon. Ehrburger et al., 1986 studied the
effects of

alkaline

before coal

hydroxide

carbonization

and

on the

carbonates

additions

microporosity

of

char

produced. It was found that coal from Algerian sources (V.M
32.4 wt% d.a.f) treated with
carbonate or

the same amount of

sodium carbonate

and carbonized

potassium
at

1070°K,

developed different micropore volumes (0.24 and 0.023 cm3/g
respectively). Hence, the

increase in microporosity

seems

to be linked to the nature of the cation (K or Na+) rather
than to the anion.

Mims and Pabst (1983) have shown that potassium reacts with
coal or char at about 750°K with liberation of CO~ from the
carbonate and

with formation

of surface

salt

complexes.

They also stated that potassium carbonate catalysts lead to
an increased microporosity,

probably via

microchanneling.

The reactivity per unit surface area exhibits a first order
dependency upon
surface area. The

the number

of

potassium atoms

higher catalytic

activity of

per

unit

potassium

salts like K2CO~ and KNO~ may be caused by the formation of
KOH

via

K„0

temperature.

during

heating

up

to

the

gasification
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Kadiyoti et al. (1984)

impregnated coal samples with

zinc

chloride before carbonization in an inert atmosphere.
Reported char yield increased at the expense of the liquid
and gaseous products. The effect of zinc chloride on the
course of pyrolysis was studied by Smisek and Cerny (1970).
This substance facilitates the pyrolytic decomposition both
of cellulose and also of other components. Some activation
agents, especially potassium and sodium salts influence the
structure of the forming elementary crystallites.

Ningrum (1979) studied the production of activated carbon
from Bukit Asam and Ombilin coalfield coals using zinc
chloride impregnation of the coals and carbonization at
900 C. Reported activity of the carbon (measured by
methylene blue adsorption) was comparable with that of a
medical activated carbon (Norit).
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CHAPTER SIX

EXPERIMENTAL WORK

6.1 Introduction

The objective was to produce an activated carbon of quality
comparable to commercial grades, but by chemical
impregnation techniques that would enhance yield.

Previous work (chapter five) is not absolutely conclusive
but it was sufficient to warrant experiments to find the
optimum conditions that would hopefully reduce the
technological problems that would be of concern in
industrial production.

Initial work was directed therefore to charring a coarse
particle size, optimizing carbonizing time and avoiding the
use of nitrogen. Experimental results led to changing the
direction during the investigation.

6.2 Reference materials

Ningrum (1979) previously used as reference material finely
crushed medicinal grade carbon (Norit) that was obtained
from a pharmacy.
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An

industrial

grade

carbon

supplied

by

Calgon

Carbon

Corporation, type Filtrasorb 400, sized 80% between 1.0 mm
and 0.5 mm was used as the reference material in this
study. It was intended that the activity test (in this work
the iodine number) be done on the material as it would be
used but the results obtained on the Calgon sample were
low, about 180 mg/g whereas figures about 1000 mg/g were
desired. The American Waterworks Association Standard
(A.W.W.A.) B604-74 requires that the sample be crushed -325
mesh and when this practice was followed iodine numbers
were acceptable, levels of about 1000 mg/g being obtained.
The reproducibility of the tests is shown in Table 4.

The range of results from 11 tests was 950-1220, but with
very close agreement when duplicate tests were done on the
crushed material from one subsample.

A sample of medicinal activated carbon, Charcocaps,
obtained from a pharmacy in Wollongong was also tested, by
removing it from its capsules and doing the iodine number
test. The results ranged from 860 to 990 mg/g. The source
materials from which the two grades of test materials were
produced are not known.
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Table 4: Activity of the reference materials expressed
as iodine number.

Reference

Subsample

material

Iodine

Number

number

of tests

Calgon

1

1013-1031

4

carbon

2

946- 994

5

3

1213-1220

2

4

1134-1190

2

Medicinal

860-990

carbon

The high and more consistent results were obtained when the
preparation of the iodine solution was strictly controlled.

6.3 Techniques

6.3.1 Impregnation

Durie and Schafer

(1979) used Victorian

brown coals

with

particle size passing 250 microns screen as the carbon
precursor. A variety of inorganic salts have been used to
increase activation of various source materials, among
which potassium chloride is commonly mentioned (McAllan et
al., 1984).
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Huttinger and Minges (1984) studied the catalytic

activity

of potassium halides in water vapour gasification of
graphite. They stated that potassium chloride showed
remarkable activity and possessed a unique ability to
influence the structure of the char during its formation.
Potassium chloride would appear to offer industrial
advantages and was chosen for this study.

The coals to be impregnated were crushed to pass through a
2 mm aperture in the early experiments but in subsequent
tests, to pass through 250 micron aperture screen (72 BSS
mesh screen).

Impregnation was done in batches of 80 or 120 g of coal, in
a glass flask, using distilled water together with 60 or 90
g of potassium chloride. The pH was adjusted to 8, obtained
by potassium hydroxide addition. This mixture was shaken by
bench shaker for 6 hours. Sometimes the flasks were allowed
to stand overnight before filtering and in one case the
mixture was maintained at 100°C for six hours. In another
test, a paste of coal and potassium chloride was allowed to
set and was then crushed and charged to the retort. The
reasoning behind these techniques is discussed later.

A sequence of tests was done on two coals of different
rank, washing the impregnated samples with water until the
wash water was chloride free.
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In most cases the coals were filtered without washing, thus
leaving a film of potassium chloride on the surface of the
particles with a view to the potassium having a catalytic
effect in the carbonizing process. In one case a batch of
one coal was subdivided and subjected to different
treatments (washing or not washing before carbonization,
ashing at low temperature) to estimate the amount of
potassium chloride in the loaded coal charged to the
retorts.

6.3.2 Carbonizing equipment

It was desired to obtain sufficient char for a range of
chemical and optical analyses and this required a larger
retort than could be used in the conventional tube furnace
available. The furnace used by Gadsden (19 88) was suitable
with adoption of duplicate retorts instead of one retort.
This facilitated comparisons of results.

Two cylindrical retorts 50 mm diameter and 7 5 mm in height
were heated in a vertical position. The retorts simulated
industrial conditions, such as in coke ovens, where the
products of distillation purge the air from the vessel and
exclude air, at least until high temperatures are reached,
by maintaining a positive pressure within the retort. This
point is discussed later. The assembled retorts are shown
in Figure 14 and the vertical tube furnace and temperature
recorder are shown in Figure 15.
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3mm THERMOCOUPLES
(SHEATHED)

GAS VENT

c

COAL CHARGE

SILICA RETORT
TUBE

CAST REFRACTORY
PLUG

CARBOARD
LINER

75 mm

Figure 14: The laboratory carbonizing apparatus
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FIGURE 15: THE VERTICAL TUBE FURNACE, TEMPERATURE CONTROLLER,
RECORDER AND TWO RETORTS
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A specific mass

of impregnated coal

was charged for

each

run, ranging from 40 to 60 g depending on the coal. The
retorts were lined on bottom and side with thin cardboard.

Initially three thermocouples were used, one in the center
of the coal mass, one beside the internal wall of the
retort and the third between the furnace tube and the
retort. The temperature gradient from wall to center of the
charge was found to be small and use of the thermocouple
beside the internal wall was discontinued.

The char was discharged into water by removing the retorts
from the furnace and tipping the contents into a bowl. Some
physical loss occurred; entrapment and weighing of this was
done in several instances and was shown to amount to less
than 0.1 g except in several specific cases, which were
noted.

A vertical temperature zone of 900°C exceeding the length
of the retort had been established by Gadsden (1988).
Heating rate was controlled manually by a Variac. Durie and
Schafer (1979) raised their samples to 900°C in an hour; a
slower rate of 8°C per minute was used, mainly to cope with
fume emission. Ningrum (1979) showed that with an
Indonesian coal, higher adsorptivity was achieved usually
by finishing at 900°C rather than at 700°C (Table 5). This
is in line with the work of McAllan et al. (1984) as shown
in Figure 16.
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Iodine Number
mg/g
1400 -

600

700
800
900
1000
Carbonization Temperature
Degrees C

Figure 16: Iodine number as a function of
carbonization temperature
(From McAllan et al., 1984)
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Table 5: Effect of carbonizing temperatures on activated
carbon adsorptivities using methylene blue as the
indicator (from Ningrum, 1979)

V.M

Adsorptivity (mg/g)

daf 300°C 500°C 700°C 900°C

25.3

12.9

17.2

74.5

74.8

28.4

12.2

15.8

74.9

79.1

26.4

13.9

16.3

54.8

77.9

25.9

17.2

21.8

71.2

73.2

35.5

10.2

17.4

55.9

61.1

36.3

12.4

17.0

58.1

75.4

36.6

21.7

20.3

53.6

62.3

34.7

17.4

12.6

54.7

69.0

Adsorptivity of the

chars was measured

by mg/g

methylene

blue adsorbed.

6.3.3 Nitrogen purging

When gasification of char was suspected, nitrogen purging
of the atmosphere in the tube furnace surrounding the
retort was introduced. The air space was calculated to be
500 ml. Nitrogen flow was set at 100 ml per minute after an
initial heavier flush. In one specific case of prolonged
soaking this rate was doubled. The results for this case
are discussed later. Some evidence suggests that volatile
compounds involving potassium, carbon and nitrogen are
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formed during pyrolysis

in nitrogen.

These compounds

are

slowly volatilized at 900°C (Durie and Schafer, 1979). This
implies that some loss of carbon took place. This, together
with the obvious complication to practice of using an inert
atmosphere, is the reason why nitrogen purging was avoided
initially. The nitrogen flow enabled cooling of the retorts
in the furnace, to about 400°C, before discharging.

6.3.4 Iodine number test

Various tests have been developed which give an indication
of the performance of an activated carbon under specific
conditions. These tests use a very high concentration of
adsorbate to reduce the time required to run the test.
Commonly, phenol, tannin, iodine and molasses are used as
different adsorbates to give an index.

Phenol adsorption is regarded as an index of the carbon's
ability to remove chemical taste and odor. Tannin is
representative of organic compounds added to water by
decayed vegetation. Iodine adsorption is an index of the
total surface area of a carbon. Iodine number is determined
by a volumetric method and is defined as the milligrams of
iodine adsorbed by 1.0 gram of carbon when the iodine
concentration of the residual filtrate is 0.02 N (Standard
for Granular Activated Carbon, 1974).

This method was used as the results can be related directly
to the work by Durie and Schafer, and had the added
advantage of availability of equipment.
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In the preliminary work of
that these techniques

the present study it was

gave repeatable
on

results. The

also includes

repeat tests

Ombilin coals

with the

repeats separated

months (Table

6). The

relationship

iodine number, show consistent

shown

Victorian brown

coal

by some

between

study
and

twelve

yields

and

trends and the results

are

taken as reliable.

Acid leaching of several chars was done with 0.5 N
hydrochloric acid, as did

Durie and Schafer (1979).

made from potassium chloride loaded coals from
Ombilin, Airlaya and

Victoria were

Chars

Banjarsari,

leached, with

results

shown in the Table 7.

Leaching by boiling with water was also done with chars
from Banjarsari

and

Victorian

brown

coals

loaded

with

potassium chloride. Accurately weight portions of each char
were leached in boiling water for 15 minutes and
dried and

weighed

and

iodine

portion of each coal was

number

measured.

filtered,
Another

leached for 15 minutes, the

bulk

of water decanted and then retreated in boiling water for 2
hours, after which loss in weight was determined and iodine
number assessed (Table 8).
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Table 6: The repeated tests on Victorian brown coal and
Ombilin coal at a time differences of some twelve
months.

Sources

Char yield

Iodine

(g)

number
(mg/g)

Victorian

9.7

680

8.0

733

(D

30.6

374

(2)

28.8

392

(1)

(2)

Ombilin

Table 7: Acid leaching of several chars.

Iodine number

Coal source

before acid after acid
leaching leaching

Banjarsari

424

474

Ombilin

392

422

Airlaya

376

385

Victoria

504

595
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Table 8: Boiling water leaching of several chars.

Coal source

15 minutes leach
wt loss

2 hours leach

iodine number

wt loss

iodine number
mg/g

%

mg/g

%

Banjsrsari

19%

455

20%

467

Victoria

23%

598

23%

607

No substantial increase in iodine

number from that of

the

original char occurred, but it is surprising that there was
not an increase commensurate with

the removal of some

25%

of material.

The char made from Banjarsari coal and a paste of potassium
chloride, dried and crushed before carbonizing, was leached
prior to charring. Iodine numbers were 568 and when leached
with acid

546 respectively.

favouring the

water leach

necessity to water

In this

may

arise from

leach much more

the normal chars because of
in the charge. As the

case the

difference

the

perceived

effectively than

the large quantity of

leaching processes did not

with

reagent
increase

iodine number a single quenching and filtering practice was
adopted.
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6.4 Raw materials

The coals of Indonesia are described in chapter four.
Those likely to be of commercial interest in the
foreseeable future are not as low rank as Victorian brown
coal. Several low rank coals from sources likely to be
developed commercially, or currently mined, were selected
from samples available from Sumatra. A further factor in
the initial choice was ash content; coals low in ash were
selected except for the inclusion of one with 12% ash, to
which acid leaching might be applied (in view of the
results obtained on the low ash coals this was not done).

The samples were selected for rank and ash considerations
and should not be considered as representative from a
particular source; that is, they were "grab" samples
initially taken for geological studies.

The coal selected for earlier studies was from Banjarsari,
a prospect in the Bukit Asam area in the Muara Enim
Formation in South Sumatra. The vitrinite reflectance for
the sample was 0.32 compared with 0.25% for Victorian brown
coal and the ash content was 3.5% (air dried basis). A
second sample of higher rank was from Ombilin (Rvmax 0.64%)
in the Sawahlunto Formation in West Sumatra where
commercial mining is being undertake on a large scale and a
third sample was from Air Laya (Rvmax 0.40%) from the Muara
Enim formation in South Sumatra; this was intermediate in
rank but contained 12% ash.
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Details of analyses are

shown in Table

9 together with

a

further suite of samples of varying, but generally high
rank from Australian sources used in the later stages of
the study. It should be noted that the samples had been
held in laboratories for sometime and moisture contents
consequently were much lower than as mined. Micrographs
illustrating the petrography for coals selected on a rank
scale are shown in Figure 17, 18, 19, and 20.

6.5 Results

In view of the encouraging results from the experiments
undertaken in Bandung which supported the work of Durie and
Schafer (1979), it was decided that the scouting tests to
establish techniques and the initial investigations should
be run on the Banjarsari coal in parallel with Victorian
brown coal.

6.5.1 Chemical impregnation effects on char yield and
iodine number

The work on coarse feed (2mm xlmm) included some variation
of impregnation time and soaking time but it became
apparent very quickly that iodine numbers about 100 to 300
mg/g were resulting. A few high figures approaching 550
mg/g were obtained but it was concluded that efforts should
be directed to matching the results to about iodine number
1000 obtained by others investigators using feed crushed to
a top size of 250 microns (72 BSS mesh screen).
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Figure 17.a: Resinite associated with detrovitrinite in
coal. Banjarsari coal, hanging seam,
Rvmax = 0.32%, field width = 0.26mm,
fluorescence mode.
Figure 17.b: As for Figure 17.a, but in reflected white
light.
Figure 18.a: Suberinite associated with telovitrinite
in coal. Airlaya coal, C seam, Rvmax - 40%,
field width = 0.28mm, fluorescence mode.
Figure 18.b: As for Figure 18.a, but in reflected
white light.

Fig: 17.a

Fig: 17.b

Fig: 18.a

Fig: 18.b
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Figure 19.a: Bitumen in coal. Ombilin coal,
Rvmax = 0.64%, field width = 0.26mm,
fluorescence mode.
Figure 19.b: As for Figure 19.a, but in reflected
white light.

Figure 20.a: Semifusinite associated with telovitrinite
in coal. Newdell coal, Rvmax = 0.67%,
field width = 0.26mm, fluorescence mode.
Figure 20.b: As for Figure 20.a, but in reflected
white light.

Fig: 19.a

Fig: 19.b

Fig: 20.b
Fig: 20.a
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The low iodine numbers obtained on the coarse sized
particle during the scouting tests were confirmed later
(when a technique had been established) by running a test
on Victorian brown coal crushed to 1 mm top size and
carbonizing for 6 hours. The iodine number of the char
produced was 153 mg/g.

It was decided at this point that the first requirement was
to obtain satisfactory iodine numbers, yield becoming a
secondary consideration. Comparisons were made between the
iodine numbers obtained on untreated and impregnated

Victorian coal samples from which excess potassium chloride
had been washed until the wash water was chloride free
(when tested with silver nitrate solution) and on samples
of Banjarsari char prepared similarly. These were
carbonized at a finishing temperature of 900°C, at which
temperature they were held for 20 minutes. Results of yield
and iodine numbers obtained are shown in Table 10.
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Table 10: Comparison between the chars made from coals (a)
untreated and (b) impregnated then washed, using
20 minutes soaking time.

Coal

Untreated

Treated

(a) (b)

Char

Iodine

Char

Iodine

yield number yield number
(% d.b) (mg/g) (% d.b) (mg/g)

Victoria

46

128

44

137

Banjarsari 41 108 41 129

A

run

was

made

carbonizing

impregnated

(unwashed)

Banjarsari and Ombilin coals for a similar time. Iodine
numbers resulting were, for Banjarsari 349 mg/g and Ombilin
151 mg/g.

It seems likely that while activity may develop
progressively with prolonged soaking time, some evidence of
increase would be apparent in the above tests if a high
figure was going to be achieved, but the differences do not
suggest this.

Further runs were done extending the carbonizing time to 6
and 10 hours (that is, soaking the chars at 900°C for 41/2
and 8 /2 hours respectively) for coals prepared in the same
way, but substituting Ombilin for the Banjarsari. This was
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done to introduce another Indonesian coal, of rank somewhat
higher

than

Banjarsari,

the

latter

being

similar

to

Victorian brown coal. Results are shown in the table 11.
Table 11: Comparison between the chars from impregnated
and then washed Victoria and Ombilin coals with
longer soaking times.

Coal

4 /2 h soaking time

8 /2 h soaking time

Char

Iodine

Char

Iodine

yield

number

yield

number

% d.b

mg/g

% d.b

mg/g

Victoria

20

849

10

1236

Ombilin

54

331

44

524

The iodine number

for the char

from Victorian brown

coal

reached the level desired, but the char yield was very low.
A

base

test

had

been

run

with

untreated which had given yield
is a solids recovery (fixed
of char from

the coal

Victorian

brown

of 46% d.b of char,

carbon and ash, on dry

of 92% and

coal
which

basis)

visual observation

had

detected some ashing of the top surface. This suggests that
considerable gasification occurred when carbonization times
were extended and

that the increase

in iodine number

was

related to the extent of gasification, which increased with
soaking time.

79
The pattern

for Ombilin

coal

was similar,

although

the

effect was less marked; loss in yield was much less but
iodine numbers did not rise above 524 mg/g.

The catalytic effect of halides of potassium at high
temperatures has been mentioned in 6.3.1 and a high
proportion of potassium chloride could be included in the
charge by not washing the impregnated sample free of the
solution. The practice of loading the coal with potassium
chloride was adopted, to examine the possibility that the
desired activation could be achieved without the loss of
yield sustained in the above tests.

6.5.2 Rank effect

At this stage a number of avenues of investigation
presented themselves. A rank related difference is
apparent in the above results and as any available source
of Indonesian coal is marginally to markedly higher in rank
than Victorian brown coal, it was decide to pursue the
effect of rank, using coals from Australian sources to
augment those from Indonesia. The effect of coal rank upon
iodine number is shown in Table 12. The chars were made by
carbonization of impregnated, unwashed coals, soaking for
41/2 hours.
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Table 12: Effect of coal rank upon iodine number of
chars from untreated and treated coals.

Iodine

Coal
Sources

number (mg/g)

Rvmax
%

Untreated

Treated

Victoria

0.25

482

688

Banjarsari

0.32

398

592

Airlaya

0.40

204

376

Ombilin

0.64

225

373

Newdell

0.67

172

445

Collinsville

1.07

92

294

Bull!

1.34

76

319

6.5.3

Soaking time effects on potassium chloride loaded

coals

Potassium chloride is known to volatilize at the
temperatures of interest in this investigation. Mellor
(1961) quotes observed values of vapour pressure of
potassium chloride of 1.54 mm Hg at 801°C and 8.33 mm at
948°C.

Examination of

the effect

of soaking

time was

repeated,

using samples of coal loaded with potassium chloride.
During the determination of ash content in samples loaded
with potassium chloride it was observed that fuming was
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still occurring after the normal 3 hours in the furnace and
that continued heating was necessary to achieve constant
weight of the residue, (reached in 5 hours). Conditions in
the retort differ from those in the ashing test and it is
possible that some potassium remained in the char after the
6 hours in the retort, but fuming was not apparent on
discharge. Comment is made upon this in the section
reporting the studies using the scanning electron
microscope.

The results of a series of tests with the potassium
chloride loaded coals from Indonesia and Australia, without
using a nitrogen purge are shown in Table 13. It should be
noted that recovery is shown as grams of char from grams of
coal charged. Again the iodine number increases with
decrease in recovery, although it is repeated that the
values for the weight of charge include a high proportion
of potassium chloride, which would vary with the size
consist of the crushed coals. The iodine numbers decrease
in the reverse order to the rank of the coal selected
(lower rank has higher iodine number).
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Table 13: The iodine number and recovery of chars made from
potassium chloride loaded coals with various
soaking times.

Coal

Carbonization

Iodine

Recovery

time number (grains)
(hours) (mg/g) *

Victoria (1)

2

255

50/21

(2)

6

689

50/8

(3)

10

917

50/5

(4)

12

1082

50/4

Banjarsari (1)

2

164

50/21

(2)

6

593

50/17

(3)

10

641

50/13

Airlaya

6

376

50/24

Ombilin

6

373

50/29

Newdell

6

345

50/29

Collensville

6

294

50/36

Bulli

6

219

50/38

* Expressed as grams dry char recovered from 50 grams of
dry impregnated coal. Note: actual amount charged to the
retorts varied.
6.5.4 Yield of char from potassium loaded coals

One series of tests was run with Victorian brown coal aimed
at obtaining at least an approximation of the yields of
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char from potassium loaded coal.
the coal

was subdivided

subjected to

into 500

different

assess the amount

A batch of 2000 grams
gram lots,

treatment, the

purpose

of potassium chloride

treated coals, washed or

which

of

were

being

to

contained in

unwashed and the residual

the

amount

in the chars produced. Ashing of the coals was done at
temperature (400 C) for
hours in

order to

a prolonged time

avoid volatilization

low

in excess of
of the

24

potassium

chloride. The purpose was however partially defeated by the
total gasification of

the char

during carbonization.

The

ash figures obtained are shown on the Table 14.

Table 14: Comparison of ash yield from original, treated
(washed) and treated (unwashed) Victorian brown
coal.

Coal

Methods

Ash yield
(% d.b.)

Original coal

0.8%

Treated coal

washed

Treated coal

unwashed

6.5.5

7.6%
36.7%

Effect of nitrogen purging

Several of the tests, for example untreated Victorian brown
coal carbonized for 10 hours,
retort than

that

in the

show lower yield in the

bottom

retort and

the

top

results

generally point to exclusion of oxygen as being a necessary
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step. Purging with nitrogen

was then adopted. The

results

when charging untreated coals are shown in Table 15.
Table 15: Effect of using nitrogen purging when carbonizing
untreated coal

Coal

Carbonization

Iodine

Yield

time

number

actual

(%

d.b)
theor

(hours)

(mg/g)

etical

Victoria

6

647

28

50

Banjarsari

6

386

35

56

Ombilin

6

331

50

57

Air Laya

6

206

49*

62

* Loss during discharge of the retort was noticeably
higher, in the form of a cloud above the water quench.
Again it is observed

that the yields

were lower than

the

theoretical, beyond physical loss, and that iodine number
was higher where the difference in yield was greater. The
series was repeated using potassium chloride loaded coals
with nitrogen purging (Table 16). With the exception of the
Ombilin and Airlaya coals, the iodine numbers have an
inverse correlation with the vitrinite reflectance of the
source coals.
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Table 16: Effect of using nitrogen purging with treated
coal loaded with potassium chloride

Carbonization

Coal

Iodine

Rvmax time number

Recovery
(grams)

% (hour) (mg/g)

Victoria

0.25

6

733

50/12

Banjarsari

0.32

6

424

50/19

Airlaya

0.40

6

311

50/18

Ombilin

0.64

6

392

50/24

Newdell

0.67

6

343

50/34

Collinsville

1.07

6

313

50/34

* Expressed as grams dry char recovered from 50 grams
impregnated coal. Note: the actual amount charged to
retorts varied.
When the Victorian

brown coal sub-sample

dry
the

from the 2000

g

batch was carbonized for 16 hours in the nitrogen purge,
the carbon was completely gasified, leaving only a small
residue of ash fused to the bottom of the retort. Initially
it was postulated that this disconcerting happening
possibly occurred because of an inadequate supply of
nitrogen due to an interruption to the nitrogen flow or
some other cause. The test was repeated on another batch of
potassium chloride, loaded coal using 400 ml per minute
nitrogen flow, with the same result.
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In view

of the

report

by Durie

and Shafer

(1979)

that

compounds of cyanogen had been detected, one test was run
with Victorian brown coal to see whether HCN could be found
in the exhaust (nitrogen) gas.

Two batches of Victorian brown coal impregnated, unwashed
were charged to the retorts and carbonized in the usual
manner, with a nitrogen purge of 100 ml per minute. A rig
was arranged to collect and cool the out going gas from the
furnace top, installed for short periods commencing 2 hours
after a temperature of 900 C was reached. The nitrogen
purge rate was increased to ensure flushing of the rig
before tests were made. These tests were done using a
Drager multigas detector (which consists of a hand pumping
device sucking gas through a caliberated tube of indicating
chemicals).

This device is primarily a safety test unit; an
approximation of HCN content is given from the caliberation
scale and the number of pumps (i.e volume of gas). It can
only be said that a definite indication of the presence of
HCN in the exhausted gas at a flow rate about 400 ml per
minute was given.
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6.6 Microscopy work

6.6.1 Optical microscopy

The optical texture of char was examined using an optical
microscope with oil immersion objectives. Samples for
microscopic analysis were prepared by first making solid
rectangular blocks 25 mm square and 20 mm depth from a
mixture of about 1.0 g of char in polyester resin, followed
by vacuum impregnation and then dried at room temperature
to set.

The sample surface was then polished and examined
microscopically. The structure of chars were determined in
oil immersion in reflected plane polarized light at a
magnification of X 500. Structure examinations were carried
out using a MPV-2 microscope which incorporated a plane
slip and a TK 400 dichroic mirror fitted in the vertical
illuminator.

The fluorecence facility was used when examining the raw
coals and this system gave a combination of acceptable
intensities, adequate colour separation of components and
ease of switching from reflected white light to
fluorescence mode (Cook, 1980). This microscope was fitted
with a Leitz Vario-Orthomat camera which incorporates a 5
to 12.5 X zoom.
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Assessment of the chars was

restricted to those made

from

Victoria and Banjarsari coals, comparing chars make from
untreated coal, treated coals, carbonized for 6 hours or 10
hours, (the latter being partially a study of gasification
effects).

Conventional measurement of the porosity of the grains was
done, using the established point-counting technique. The
chars were point-counted in terms of pores and solid. The
traverses were made from the top to the bottom of the block
in terms of the orientation of the blocks during the
setting of the grain mounts. Approximately 500 points were
counted for each sample. In order to obtain a
representative count, the length of skip and cross spacing
were altered relative to the grain size of the samples.

After completion of the analysis the number of points
counted as pores or solid were expressed as a percentage of
the total points counted. The results are shown in the
Table 17.
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Table 17: Comparison of porosity among Banjarsari and
Victorian chars made from untreated and treated
coals.

Source

Method

Carbonizing

Porosity

time
(hours)

(%)

Banjarsari

untreated

6

15

Banjarsari

treated

6

63

Banjarsari

treated

10

79

Banjarsari

untreated

6 with N 2

18

Banjarsari

treated

6 with N 2

61

Victoria

untreated

6

34

Victoria

treated

6

73

Victoria

treated

10

87

Victoria

untreated

6 with N 2

33

Victoria

treated

6 with N 2

67

Figures 21 -

23 show optical

micrographs of the

polished

surfaces of some of the chars. The Calgon reference
material (Figure 21.a) and the char from untreated
Banjarsari coal (Figure 21.b) carbonized at 900°C for 6
hours exhibit a markedly different optical texture from the
chars from treated coals. In the case of the chars from
untreated coals, the particles were dense material
containing few or no pores and there was very little or
less than 25% fused material.
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Figure 21.a: Optical micrograph of the polished
surfaces of the Calgon reference
material, field width = 0.20mm.

Figure 21.b: Optical micrograph of the polished
surfaces of the char from untreated
Banjarsari coal, 900°C carbonized for
6 hours, field width = 0.18mm

irfirFig: 21.a
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Fig: 21.b
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Carbonization of the treated Banjarsari coal for 6 hours at
900 C resulted in a mainly porous texture in the grains
(Figure 22.a). The char particles were discrete but mostly
fused material with less than 25% of unfused material. With
the longer soaking time at 900°C the char from treated
Banjarsari coals gave an extremely homogeneous texture
within the particles (Figure 22.b). It becames difficult to
distinguish the maceral derived components in the char
residue. The char also developed a macroporous structure.

The char made from untreated Victorian brown coal
carbonized at 900°C (Figure 23.a) appeared markedly
different optically from those of the char made from
treated coals (Figure 23.b and 23.c). The texture of the
former was of particles loosely distributed and very little
fusion within particles was observed while the textures of
the chars from treated Victorian brown coal carbonized at
900°C for 6 hours and 10 hours were homogenous texture. The
chars also developed macroporous structures.

A further approach aimed at measuring by microscope methods
the extent of reaction by visually estimating porosity on a
grain by grain basis. This was done by estimating the
porosity of the grain under the cross hairs and assigning
grains to categories of 10%, 30%, 50% and 70% porosity; 330
observations were made on each sample and the results
combined mathematically to give an index.
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Figure 22.a: Optical micrograph of the char from
treated Banjarsari coal, carbonized
at 900 C for 6 hours,
field width = 0.16mm.

Figure 22.b: Optical micrograph of the char from
tregted Banjarsari coal, carbonized at
900 C for 10 hours, field width = 0.18mm.
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Figure 23.a: Optical micrograph of the char made
from untreated Victorian brown coal
carbonized at 900 C for 6 hours,
field width = 0.18mm.

Figure 23.b: Optical micrograph of the char made
from treated Victorian brown coal
carbonized at 900 C for 6 hours,
field width = 0.15mm.

Figure 23.c: Optical micrograph of the char made
from treated Victorian brown coal
carbonized at 900°c for 10 hours
field width = 0.15mm.

Fig: 23.a
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This index was called a reaction index but it was concluded
later that it was basically a measuring of porosity arising
from degasification as well

as any chemical reaction.

The

term reaction index has been

rejected and the results

are

reported as a"porosity index".
Porosity_ Sum No of points in category x assigned category
Index
Total No of points counted
A necessary first step was the standardization of the
technique and evaluation
After some trials
counts to
made and

of the

significance of

the practice was

standardize criteria,
of limiting

adopted of making

before any

comparisons among

analyzed in a single session.

results.

records

samples to

A char made from

two
were
those

Banjarsari

coal was selected for evaluation purposes and a series of 5
results was obtained. Each of the 5 results was the average
of two sets of measurements (Table 18).
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"paroadty index".

Table 18 : Evaluation

Distribution of

Porosity

Counts by Category

Category

%

2

1

3

b a b

a

5

4
b a b

aba

6

5

7

15

6

5

7

12

6

50 133

126

129

170

160

155

142

122 143 156

30 150

179

127

101

94

101

132

136 140 122

10 34

10

68

54

69

62

50

12820

11360

12420

12000

12240

11980

38.8

34.4

37.6

36.4

37.1

36.3

70

Sum

PI 37.6

Mean

13

12400

.2

36.0

36.8

66 42 45

11260

12120

12400

34.1 36.7 37.6

2

37.2
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Results obtained for

porosity indices are

shown in

Table

19.
Table 19: Comparison of porosity index among chars made
from untreated and treated Banjarsari and
Victorian coals.
Source

Method

Soaking

"Porosity

time

index"

(hours)

(%)

Banjarsari

untreated

6

18

Banjarsari

treated

6

54

Banjarsari

treated

10

76

Banjarsari

untreated

6 with N.

24

Banjarsari

treated

6 with N,

54

Victoria

untreated

6

31

Victoria

treated

6

40

Victoria

treated

10

73

Victoria

untreated

6 with N

30

Victoria

treated

6 with N

46

In the light

of experience,

it seems

probable that

both

methods obtained a measure of porosity. At the time it was
thought that further examination of the reacted surfaces by
scanning electron microscope techniques was warranted.

94
6.6.2 Scanning electron microscopy

6.6.2.a Morphology of the char

The morphology of the char particles was assessed using a
Hitachi S-450 scanning electron microscope. The char
particles where examined by mounting the grains on an
aluminium stub, sputter coating with gold and viewing at
various magnifications. The preparation for the
examinations was done by D.A. Carrie, Senior Technical
Officer in the Department of Geology. Photographs were
taken using a secondary electron (S.E.) detector.

Again the study was restricted to Victoria, Banjarsari and
Calgon char. Viewing of the grains at magnifications from
lOOx to 1400x in the case of Banjarsari char showed
increased porosity as treatment and carbonization time
increased (Figure 24,25,26) but the Yallourn brown coal was
so porous that while a similar trend seemed to exist the
comment can only be made with reservation. Further scanning
electron microscope work was aimed at the study of the
distribution of any residual potassium chloride upon the
surface or within the grains of chars, by viewing the
surface of sectioned grains.

6.6.2.b Energy Dispersive X-Ray Analyses (E.D.X.)

Grain mounts were prepared by mounting the granular char
particles in resin and sectioning with the diamond saw. The
sectioned surface was polished, finishing with diamond
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Figure 24.a: SEM micrograph of Calgon carbon, 10Ox.

Figure 24.b: SEM micrograph of Calgon carbon, 140Ox.

Fig: 24.a

Fig: 24.b
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Figure 25.a: SEM micrograph of char from untreated
Banjarsari coal carbonized at 900 C
for 6 hours, 1400x.

Figure 25.b: SEM micrograph of char from treatgd
Banjarsari coal carbonized at 900 C
for 6 hours, 1400x.

Figure 25.c: SEM micrograph of char from treated
Banjarsari coal carbonized at 900 C
for 10 hours, 1400x.
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Figure 26.a: SEM micrograph of char from untreated
Victorian
coal carbonized at 900°C
Victorian brown
brown coa
for 6 hours, 1400x.

Figure 26.b: SEM micrograph of char from treated
Victorian brown coal carbonized 900°C for
6 hours, 1400x.

Figure 26.c: SEM micrograph of char from treated
Victorian brown coal carbonized 900°C
for 10 hours, 1400x.

Fig: 26.a

Fig: 26.b

Fig: 26.c
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paste. The surface examined

was coated with carbon.

X-ray

analyses were done by D.A. Carrie (in the presence of the
auother) using energy dispersive X-ray (E.D.X.) detector
and a backscattered secondary electron (B.S.E.) detector to
obtain atomic number contrast.

No effects peculiar to the surface of the grains were
detected but potassium was found in considerable amounts
and to a surprisingly uniform extent from the surface to
the center of the grains of all the chars produced from
treated coals that were examined. The print outs of the
E.D.X. viewing of the qualitative analyses, giving an
indication of relative proportions of elements (by atomic
number) are shown in Figures 27, 28 and 29.

The chemical significance of this distribution is not
understood but it implies a loss of potassium in any
industrial process. It had been expected that some surface
effects would have been found, but no difference could be
seen between the outer surface and the internal mass of the
grains, using either the secondary electron or the
backscattered electron detector.
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Figure 27.a: E.D.X analyses of char from treated
Victorian brown coal, washed and
carbonized 900 C for 6 hours.
Full scale: 1223.

Figure 27.b: E.D.X analyses of char from treated
Victorian brown coal, washed and
carbonized 900 C for 10 hours.
Full scale: 332.

95.2

Figure 28.a: E.D.X analyses of char from untreated
Ombilin coal, carbonized 900 C for
6 hours. Full scale: 2336.

Figure 28.b: E.D.X analyses of char from treated
Ombilin coal, unwashed, carbonized 900 C
for 6 hours. Full scale: 3288.
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Figure 29.a: E.D.X analyses of char from treated
Ombilin coal, washed, carbonized 900°C
for 6 hours. Full scale: 2784.

Figure 29.b: E.D.X analyses of char from treated
Ombilin coal, washed, carbonized 900 C
for 10 hours. Full scale: 3054.
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CHAPTER SEVEN

DISCUSSION AND CONCLUSIONS

7.1 Discussion

A coarse particle size would be of considerable advantage
in commercial operations producing a reactive char but in
this investigation treatment of coals crushed to about 1 mm
top size or coarser resulted in iodine numbers that were
unacceptably low. The figures were well below the level of
about 1000 mg/g obtained on the commercial reference
(Calgon) sample and similar levels quoted in the
literature. The purpose of the work then became the
achievement of such levels on the low rank Victorian brown
coal as reported by others, and in parallel, to achieve
high iodine numbers on chars from selected Indonesian
coals, particularly low rank Banjarsari coal, with the
higher rank Ombilin coal included to widen the range of
work.

It was shown (Table 11) that a carbonizing time involving
prolonged soaking was required. The results obtained by
extending carbonization from a brief 20 minutes stabilizing
to soaking at 900°C for times ranging from 4 /2 to 8 /2
hours all point strongly to loss of yield by gasification,
whether industrial nitrogen was used as a purging medium or
not.
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Results obtained for

treated washed

and Ombilin coals are shown
iodine number
(Note: the

and

yields

derived from

coal

in Figure 30 and 31,

yield against
in

Victorian brown

time

these cases

charges from

of

are

plotting

carbonization.

realistic

which

coal

surplus

figure

potassium

chloride had been removed).

A similar pattern is shown for treated, unwashed Victorian
brown coal and Banjarsari coal. In these cases the recovery
from the

charge including

surplus potassium

chloride

is

used to calculate recovery factors.

An attempt was made to estimate the amount of potassium
chloride remaining
This was limited
available

in

in these

charges after

to Victorian

the

quantities

complicated by the complete

carbonization.

brown coal,
required.

the only
The

plans

were

gasification of the char

when

subjected to a prolonged soaking at 900 C. However,
at

low

temperature

of

coal

another

subsample,

ashing

loaded

with

potassium chloride, indicates that the charge contained

as

much as

figure

is

assumed to hold for other samples and the charge weight

of

40%

of

potassium chloride.

coal adjusted accordingly the
brown coal

recalculated are

If

this

yield figures for
as shown

on Figure

Victorian
32. The

yield figures ignore any potassium chloride retained in the
char.

The theoretical yields of char from the coals are, on dry
basis, (i.e 100 dry coal-% volatile matter),

97.1

iodine number (mg/g)
1400

Carbonizing time (hours)
(A)

yield {%)

50
40 "

30
20
10

o

4

6

8

10

12

Carbonizing time (hours)
(B)

Figure 30: Iodine number (A) and yield of chars (B)
from Victorian brown coal impregnated
and then washed
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Figure 31: Iodine number (A) and yield of chars (B)
form Ombilin coal impregnated and
then washed

97.3

Iodine number (mg/g)
1200
1000 -

4

6

8

10

12

10

12

Carbonizing time (hours)
(A)

yield (%)

80

60

40

20

0

4

6

8

Carbonizing time (hours)
(B)

Figure 32: Iodine number (A) and "assumed yield" (B)
of char from Victorian brown coal loaded
with potassium chloride
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Victorian brown coal

50%

Banjarsari 56%
Ombilin 57%
Airlaya 62%

The base test evaluating yield from an untreated batch of
Victorian brown coal gave a yield figure of 46% and some
evidence of gasification was seen (as ash on the surface).
In the case of Victorian brown coal washed and
carbonization without soaking, a yield of 44% dry basis was
obtained, with an iodine number of 138, whereas Durie and
Schafer (1979) quote a yield of 37.9% dry basis with iodine
number 950 for a char produced by carbonization at 900°C in
nitrogen. The analysis of the feed used by them was not
stated.

That gasification occurs is clearly confirmed by the
complete or near complete absence of char after extended
carbonization of Victorian brown coal on several occasions.

The instances in which resulted in total gasification even
with nitrogen purging must be significant.

Discussion of this phenomenon with Worner (private
communication) revealed that it had been experienced
previously with Victorian brown coal and it was suspected
that it could be attributed to the high oxygen content (of
the order of 18-20%) in the coal itself being sufficient to
support gasification during soaking at high temperature.
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This

view

would

suggest

that

increased

nitrogen

flow

exacerbated the situation by facilitating the removal of
the products of reaction.

Bradhurst (private communication) is of the opinion that
more recent work by CSIRO, in which carbonization was done
with purging by oxygen-free nitrogen and using test rigs
purged of oxygen gave yields very close to theoretical
values. This establishes that the much of the gasification
in earlier work resulted from the oxygen content of
commercial grade nitrogen.

When the exhaust gases from a run carbonizing Victorian
coal with a nitrogen purge were tested with a Drager
multigas detector, indication of HCN were obtained. The
test was qualitative rather than quantitative and the
amount of HCN present was small but it would be another, if
minor, source of carbon loss. It is probably more
significant as a safety issue.

Changes in impregnation technique, such as standing
overnight or prolonged impregnation at boiling
temperatures, did not materially alter results. Neither did
pasting the coal with potassium chloride.

Leaching of the chars with water or acid also did not
increase iodine number significantly. Clearly the evidence
of the E.D.X analyses shows potassium chloride to be
present on and in the grains of chars from treated coals,
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washed as

well

as unwashed.

It

would be

expected

that

removal of potassium chloride would expose pores and
increase activity by increasing surface area.

Boiling in water reduced the mass of potassium-impregnated
char recovered by about 25%. This is a big reduction and it
is most surprising that an increase in iodine number did
not occur, as least to the same extent as the material
removed.

Although the results of reactivity tests overall fell short
of the reference level and of previous work, those relating
to the rank of the samples showed trends similar to those
reported by other investigators. As rank increased,
reactivity (iodine number) decreased, yield increased and
the porosity decreased. The latter two factors obviously
are influenced by volatile matter content, but the work
points to the much more reactive nature of the low rank
coals. It seems that, although there is only a small step
in rank difference between the Banjarsari and Victorian
coals, the latter are much more reactive.

Both methods employed with the optical microscope (i.e.
point counting of pores and estimation of extent of
reaction) showed similar trends of increase in porosity
with increased carbonizing time and in turn, with decrease
in yield. This is consistent with increased gasification of
carbon and an increase in iodine number would be expected
to occur. This in fact did happen.
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Viewing the grains of char by scanning electron

microscope

at magnifications of from 100 to 1400 did little other than
support the optical work. Chars from Victorian coal were so
porous that any comment is of dubious value.

Surface potassium chloride was not observed either by
optical

or

However, the

scanning
E.D.X

electron

microscope

analyses show

techniques.

considerable

potassium

contents apparently dispersed within the chars.

Potassium contents were high, as indicated by the potassium
line using
whether

E.D.X, in

washed

Indonesian

before

coals,

the

the chars

from all

carbonization
potassium

treated

or

line

not.

coals,

For

the

intensities

were

comparable to the silicon line intensities, and this was
persistent feature whether

the scan was

surface

or

of

the

particle

contents were similar for chars

in

the

made towards
centre.

the

Potassium

carbonized for 6 hours

or

10 hours. The mechanisms by which the potassium enters
coal substance

and is

retained

fundamental investigation

than

therein warrants
this

a

a

investigation

the
more
could

pursue. Unless retention of potassium can be decreased, the
loss of the impregnating chemical
penalty in
contrary to

industrial
the

would be a serious

applications.

claim by

Durie

This

conclusion

and Schafer

recovery overall of chemical agents.

cost

of

a

is

high
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7.2 Conclusions

The results from the techniques of impregnation with
potassium chloride and carbonization at 900°C used in this
investigation did not meet expectations of iodine numbers
comparable with commercial grade activated carbon or the
levels reported in the literature. This was the case with
Victorian brown coal as well as some Indonesian coals of
rank approaching that of Victorian brown coal.

Reactivity, as measured by the iodine number, only reached
adequate levels when substantial gasification of the char
had occurred. The evidence points to the potassium chloride
having a catalytic effect upon the gasification.

Purging with nitrogen (commercial grade) increased the
gasification. The chars made even from untreated Victorian
brown coal and Ombilin coal in the presence of nitrogen
showed low yield and high iodine number, and treated
Victorian brown coal was gasified completely, or almost so,
after a long carbonizing time (12 hours). It is believed
that the oxygen content of the nitrogen was a major factor
in gasification, but the oxygen content of low rank coals
may also contribute to carbon loss. There was also evidence
of the formation of HCN during purging with nitrogen.

Coals of high rank were less reactive, yields of char were
high and iodine numbers were low.
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SEM work established that potassium had penetrated into the
coal substance and was
after

carbonization

retained in appreciable
(even

in

coals

quantities

washed

before

carbonization).

There will be need for water purification in many areas of
Indonesia and it
distributed in

is shown that
the

coal resources are

archipelago.

generally are of low rank; the

They vary

in

widely

rank

sort of coal that is

but

known

to be reactive and therefore amenable to the production
activated carbon by conventional

of

means, although with

low

yields. Of the coals tested, that from Banjarsari gave

the

best results in

are

terms of

iodine number.

Char yields

higher for medium rank coals (such as Ombilin) and although
iodine numbers are lower, the net adsorptivity per unit
input coal may be higher for char from some of the

of

medium

ranks coals.

The process considered in this study did not show high
yields. The

body of

technical literature

supporting

claims of better stages involved in performance with
from low
complex

rank

coals

industrial

carbonization,

cannot be

operation

quenching

or

recovery of chemicals in liquid
stage) present

a

dismissed.

the

dewatering,

together

with

or gaseous form from

formidable challenge

industrial scale process.

chars

However,

(impregnation,
leaching,
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in

developing

each
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APPENDIX

Location of Coal deposits in Indonesia (see Figure 5)

No

Location

Province

1

Krueng Teunon

Aceh

2

S. Sapuh

West Sumatra

3

Batang Tiu

Riau

4

Cerenti

Riau

5

Ombilin, Sawah Lunto

West Sumatra

5.1 Sapan Dalam

West Sumatra

5.2 Kandi

West Sumatra

5.3 Tanah Hitam

West Sumatra

5.4 Sawah Rasau

West Sumatra

5.5 Sawah Luhung

West Sumatra

5.6 Waringin

West Sumatra

5.7 Parambahan

West Sumatra

5.8 Sugar

West Sumatra

Painan

West Sumatra

7

S. Jujuhan, Sinamar

West Sumatra

8

Bentayan

South Sumatra

9

SE. Tamiang

South Sumatra

10

N. Tamiang

South Sumatra

11

N. Babat

South Sumatra

12

S. Babat

South Sumatra

13

N. Kluang

South Sumatra

6
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14

S. Kluang Musi

South Sumatra

15

Prabumulih

South Sumatra

16

Air Andeles

Bengkulu

17

Bukit Asam

South Sumatra

17.1 Air Laya

South Sumatra

17.2 Suban

South Sumatra

17.3 Muara tiga kecil

South Sumatra

17.4 Muara tiga besar

South Sumatra

18

Arahan

South Sumatra

19

Air Lawai

South Sumatra

20

1. Banko NW

South Sumatra

2. Banko WC

South Sumatra

3. Banko C

South Sumatra

21

Meraksa

South Sumatra

22

Batu Raja

South Sumatra

22.1 Kepajang

South Sumatra

22.2 Muncakabau

South Sumatra

23

Mesuji

South Sumatra

24

Bojongmanik

West Jawa

25

Cimandiri

West Jawa

26

Jasinga

West Jawa

27

Bayah

West Jawa

28

Gunung Buleud

West Jawa

29

Sukabumi

West Jawa

30

Cianjur

West Jawa

31

Bentar Sari

Central Jawa

32

Brombongan, Kebumen

Central Jawa

33

Nanggulan

Yogyakarta

34

Rembang

Central Java
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35

G. Sawar

East Kalimantan

36

Bukit Alat

West Kalimantan

37

Kutai

East Kalimantan

37.1 Loa Kulu

East Kalimantan

37.2 Loa Halur

East Kalimantan

37.3 Prangat Selatan

East Kalimantan

37.4 Sakakanan

East Kalimantan

37.5 Pelarang

East Kalimantan

37.6 Bambangan Kamboja

East Kalimantan

37.7 Bukit Merah

East Kalimantan

37.8 Bapak Tengah

East Kalimantan

Tanjung Raya

Central Kalimantan

38.1 Tanjung Raya

Central Kalimantan

38.2 Tuhup

Central Kalimantan

38.3 Laung

Central Kalimantan

3 8.4 Tuhuj an

Central Kalimantan

3 8.5 Maruwai

Central Kalimantan

38.6 Bakanon

Central Kalimantan

39

Tutupan

South Kalimantan

40

Tamiang

South Kalimantan

41

Tanta

South Kalimantan

42

South Warukin

South Kalimantan

43

Tumpahan Pantolan

South Kalimantan

44

Paringin

South Kalimantan

45

1. P. Laut

South Kalimantan

2. P. Sebuku

South Kalimantan

3. G. Batu Besar, Senakin

South Kalimantan

4. Martapura, Pasir Barat

South Kalimantan

5. Dusun

South Kalimantan

38
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46

Gelumpang

South Sulawesi

47 Podo

South Sulawesi

4 8 Pattuku

South Sulawesi

49 Todongkurah

South Sulawesi

5 0 Air Masuk

Irian Jaya

51 Horna

Irian Jaya

